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Transmitted herewith is my thesis entitled THE 
NOHTH SlIlE SEWAGE TREATMENT 'lVO!1KS OF THE CHICAGO ShN-
ITARY DIST~ICT, submitted for your approval as one of 
the requirements for my final degree. 
My aim in writing this thesis has been to give a 
clear and concise picture of the Plant, its construc-
tion, operating experiences, results 8nd the need for 
sewage treatment. For this reason, I have incorporat-
ed much information, which, while not dealing directly 
with the subject in hand, is closely allied to it and 
forms a very necess~ry background. 
As the Sanitary District considers its actual op-
erating results confidential, I have refrained frr,m in-
cluding them. ruch useful information can be derived 
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THE NO:qTH SIDE SK{{AG:6 T?iEATM3NT WORKS 
of the 
C:HICAGO SAln TARY Dr 8THI OT 
HISTORY OF CHICAGO 
The Chicago River, whose Indian name is of uncer-
tain meaning, wa,s first visited by Joliet and 1!arquette 
in 1673, and later by LaSalle and others. It soon be-
came a portage route of importance used by tbe French in 
their passage to the lower Illinois country. In 1814 the 
United States established Fort Dearborn at its mouth, 
which was fitfully occupied until its abandonment tbirty-
three years lo.ter. 
';,'hen Cook County was organized in ld31, Chicago, 
then a tjny village,became the seat of government. It 
becar:1e a town in 1033, and a oi ty in 1037. By that time 
Chicago was confident of her future. The Federal Govern-
ment had begun the improvement of the river harbor, and 
the state had started the Illinois and Michigan Canal for 
COII'.mercial and drainage purposes. The growt'b of the lake 
trade hc:..d drawn attention to Chicago even before rt~i1way 
connections wi th the east 'J'Jere secured in 1852. By 1370 
the oi ty bad a population of 306, t)C)O and 'l/(:;;"S already of 
comrrercial importance. 
As Cnicago grew, Lake l!ichigan at its feet became 
the source of its water supply and, perforce, the recept-
1 
acle for its sewb.ge. The steady increase in population 
necessitated driving the water supply intakes progress-
ively fartb~r out into the lake to escape the zone of 
shore pollution. This ex;?edient gave but temporary 
relief because of t~e rapid growth of the city, and it 
soon became necessary to devise some other means of sew-
age disposal or water supply. 
The area of Chicago now includes 210.20 square 
miles. Its populhtion, according to the 1928 Census Es-
timate is 3,04b,OJO. 
2 
ORGANIZATION OF TrlE SANITARY DIST~ICT 
In 1886 a Drainage and 'Nater Supply Commission was 
uppointed by the City of Chica.go to devolop a solution 
for tbe polluticn problem. After careful study and con-
sideration of all known methods of sewage disposal, the 
cOIDrrlission recorr~nended dispos~l by dilution, to be ac-
complished by me~ns of a canal across the Continental 
Divide. Tbe canal WLS to have sufficient capacity to 
divert all flood waters, including the sewage, from Lake 
lIti chigan. 
On the basis of this report, in the years ld85 to 
1889, the Sanitary District of ChicLtgo was organized by 
tIJe C1 ty of Chicago wi tIl the coo;>eration of the state 
Board of Health to safeguurd the city's water supply. 
The act reQuired that the canal should be of such size 
and capacity as to provide a minimum dilution of 3.03 
cubic feet per second for every 1,000 people. 
Amendments to the Sanitary District Act bave been 
made autLorizing the utilization of the water power and 
the construction of sewage disposal plants. 
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Main Drainage Canal.-- The first important work of the 
Sanitary District was the construction o~ the Main Drain-
age Canal from the south Branch of the Chicago River to 
the Controlling "orks at Lockport on the Des Plaines Riv-
er twenty-eight miles away. Construction, started in 1892, 
was completed in 1900. 
The route of this canal closely parallels the old 
Illinois and Michigan Canal. It first meets the Des-
Plaines River at Summit, 7.8 miles from Robey street, Chi-
cago. At this point the whole water-carrying cross sec-
tion of the canal is below the bed of the Des Plaines Riv-
er. This part. known as the earth section, was construct-
ed with a bottom gradient of 1 in 4J,OOO, a depth of 24 
feet. a bottom width of 162 feet, and side slopes of 1 
vertical on 2 horizontal on the south side and 1 on 1 on 
the north sid e. 
From Summit the canal follows down the east side of 
the Des Plaines Valley on practically a flat gradient, so 
that at Lockport the water surface is well above the riv-
er level. The earth and rock section from Summit to Wil-
low Springs is 5.3 miles long and has a bottom gradient of 
1 in 40.000, a depth of 24 feet, a bottom width of 202 
feet, and side slopes of 1 on 2. 
The rock section from Willow Springs to Lockport is 
5 
14.95 miles long and has a bottom gradient of 1 in 
20.000, a bottom width of 160 feet, a depth of 24 feet, 
and vertical sides. either channeled out of s'olid rock or 
of masonry built on rock. In places the canal was con-
structed in the original bed of the Des Plaines River. 
This required the diversion of the river past such por-
tions, so a new channel was constructed. In all, the 
Des Plaines River was straightened over a length of a-
bout 13 miles from Summit to below Lemont. 
Below Willow springs there is a concrete spillway 
on the river side of the main channel. This spillway is 
200 feet long with its crest elevation at plus 12.0 Chi-
cago City Datum. When the flood stage in the Des Plaines 
River rises above tbe crest of the spillway, the excess 
flow spills over into tbe main channel. Controlling 
works at Lockport, consisting of seven stoney gates and 
a Bear Trap dam wi tb crest 160 feet long and a possible 
vertical oscillation of 15 feet, were constructed to 
control the flow. Each of the stoney gates is 30 feet 
wide and has 20 feet vertical travel. 
The capacity of the main drainage canal is approx-
imately 10,000 cubic feet per second witb a depth of 24 
feet. ~oweverJ with all outlets open a flow of not to 
exceed 12,OaO cubic feet per secjnd can 'be maintained 
with mean lake level. The natural flow of the Chicago 
River is reversed. Instead of ercptying into Lake Mich-
6 
igan, the river draws water out of the lake and deliv-
ers it through the Soutb Branch to tbe canal at Robey 
Street, thence down the main canal to the Des Plaines 
River at Lockport where it is converted into electric-
al energy. 
Des Plaines River Improvement.-- The Des Plaines Riv-
er improvement south of the Lockport Controlling Works 
was designed to carry the maximum possible combined flood 
from both the main channel and the Des Plaines River 
safely through Joliet. The work, which involved the 
straightening, widening, and deepening of the river bas-
in, was started Ma.rch 25, 1~9d and completed September 
30, 1901. This channel carries the total flow of the 
main channel, wasted into tr"e Des Plaines River through 
the old controlling works. The flow capacity is 2,,000 
cubic feet per second. 
The cross sections of this project are: from the 
old controlling works to 16th street (Lockport), 600 
feet wide and 3 feet deep; from 16th street to the El-
gin, Joliet and Eastern Railroad, the natural Des Plaines 
River Channel; from the Elgin, Joliet and Eastern Rail-
road to the Upper Basin of the Illinois and Michigan Can-
al in Joliet, 240 feet wide and 5 feet deep, and 140 feet 
wide and 7., feet deep; from the Upper Basin to Dam 
Number 1 at Jackson street, Joliet, 30;) feet wide and 6 
7 
feet deep; and from Jackson street to McDonough street, 
200 feet wide and 6 feet deep. 
This work involved the rebuilding of Dam Number 1 
to a length of 262 feet with the elevation of the crest 
at minus 42.4, and of 10ck Number 5. at Jackson Street, 
the removal of the Adams Dam and Dam Number 2t It also 
necessitated the construction of a concrete wall be-
tween the Illinois and Michigan Canal and the river from 
Jackson street to Jefferson Street, and the rebuilding 
of six highway and two railroad fixed bridges. 
Main Channel Extension.-- The main channel extension, 
four miles long, was constructed in 1903--1901 to pre-
serve navigation when the Illinois and Michigan Canal 
would be cut by the Calumet-Sag Channel, and to concen-
trate the 34 feet of fall between the level in the main 
channel and that in the Des Plaines River. A power 
station was built two miles below the controlling works 
to utilize the power previously going to waste. The 
remaining two miles to the upper basin serve as a tail 
race. 
The channel from the Lockport Controll ing 'Norks to 
the Power House has a varying width, with a minimum of 
160 feet, and a depth of 24 feet. In this section it 
is almost entirely above the natural surface of the 
groun§, and 1s retained between a clay and rock levee 
on the west and a concrete wall backed by rock fill on 
the east. From the p~wer house to the Elgin, Joliet, 
and .Eastern Railroad bridge (6,000 feet), the channel is 
cut in solid limestone 160 feet wide and 20 feet deep. 
From here to the Upper Basin (5,500 feet), it is 160 
feet wide and 18 feet deep. This section is parallel to 
and is connected with the Des Plaines River Improvement. 
Between 9th and 16th streets, Lockport, the channel wid-
ens to 600 feet, providing a turning basin for ships. A 
~mall lock was constructed to l~ke connection with the 
Illinois and Michigan Canal, thus rendering superfluous 
all that portion of the old canal between Lockport and 
Chicago. 
The work involved, in addition to the channel, the 
construction of the Power House, the Butterfly Dam, the 
Movable Dams, and the Lack at the Power House. Two 
Cl,dditional highway bridges were required for the main 
channel extension at 9th street and at 16th street in 
Lockport. These are bobtailed swing bridges ha-I]"ing a 
vertical clearance above water of 6.93 feet. The clear 
opening for navigation is 160 feet. 
The Controlling Works at Loc-kport.-- These were built 
with the main channel to regulate the flow and discharge 
directly into the Des Plaines River. They consist of 
seven sluice gates and one Bear Trap Dam. Tbe sluice 
9 
gates are of the stoney type; each has a 30 foot clear 
width of opening and a 20 foot vertical travel. The el-
evation of the bottom of the openings is minus 15.0. 
Fifteen openings were provided, but only seven gates 
were installed. All seven have been redesigned, and four 
have been equipped with new electrically operated machine-
ry for use as an auxil~iary control for the channel flow 
in addition to the Bear Trap Dam. 
The Bear Trap Dam has a crest of 160 feet in length 
and an oscillation of 15 feet from tbe elevation minus 
10.0 to plus ,.0. The main hinge is downstream. The 
dam is counterweighted by suspended tanks containing wat-
er. Although the dam can be operated by controlling the 
weight of these tanks, it is usually done by varying the 
\Va ter pressul'e on the inside of the dam, thereby varying 
the upward thrust on the top leaf or deck of the dam. 
The Butterfly Dam is located in the center of the 
main channel extension just below the Lockport Controlling 
Works. It is provided to completely shut off the flow in 
the main channel extension in case of an emergency. This 
dam is a steel structure pivoted at the center; the bot-
tom pivot bearing 1s anchored in rock at the bottom of 
the channel; the upper bearing is supported by a bridge 
parallel to the channel. In its open position the dam 
lies under the bridge, but when closed it lies across the 
10 
channel, and the ends rest on lugs attacbed to the 
sides. The movable leaf of the dam is 30 feet high and 
104 feet long. The dam is operated by electric motors, 
with the aid of proper m~nipulation of twelve butterfly 
valves, each approximately 4 by 6 feet, in the face of 
the dam itself. Tbe weight of the dam proper is 710 
tons, and the total weight of the steel includine the 
supporting bridge is lOBO tons. 
The movable dams at the power house consist of two 
sector dams, onewith a crest 12 feet long leading from 
the main channel. These dams are used to regulate the 
flow in the main channel, in connection with the flow 
through the power house. 
The lock at the power house was opened to naviga-
tion July 13. 1910. It has a width of 22 feet, us~able 
length of 130 feet, a maximum lift of 41 feet, and a 
mean lift of 34 feet. The lock is operated, free of 
charge, for lockage throughout the entir'e year by the 
Sanitary District. 
The Lockport Power House.-- The LOckport power house is 
located on the main channel extension about two miles 
south of Lockport. The power 91ant was completed and 
placed in service in 1907. It utilizes, under a head of 
34 feet, the power contained in the water which flows 
through the Drainage Canal. The electric current gen-
11 
erated is transmitted to Chicago for use in pumping sew-
age, operating sewage treatment plants, and lighting the 
city streets, parks and boulevards. Tne theoretical pow-
er available with a flow of 10,000 cubic feet per second 
is 36.000 horse-power. Electric current is generated at 
6,600 volts and stepped up to 44,000 volts for transmis-
sion to Chicago, where it is stepped down and distribut-
ed at 12,000 volts. 
The power house is a fireproof structure of con-
crete, steel and tile 3d5 feet long, 70 feet wide and 47 
feet high. A concrete fender wall with submerged arches 
across the forebay serves as an ice guard. The power 
house equipment consists of seven 6,000 horse-power hor-
izontal water turbines, each driving a 4,000 K.V.A. each 
composed of six 1,000 horse-power runners mounted on one 
shaft. Each uses 100,000 cubic feet of water per minute 
at O.~ gate opening and 34 feet head, developing 5,360 
electric horse-power at a speed of 163.6 revolutions per 
minute. Tbe generators are 3 pbase 60 cycle alternating 
current 6,600 volts, st5.tionhry field, with rotors 18 
feet 2 inches in diameter. There are three exciters. 
each of 350 kilowatt capacity, 250 volts, 30) revolutions 
per minute, each driven by a separate water turbine. 
The Lockport power plant bas carried a peak load of 
23,,00 kilowatts. This figure apparently represents 
12 
&.bou t the m&.ximum normally at tai nable in this -plant, 
with 10.000 cubic feet per second diversion. On this 
basis the present Lockport plant can carry only about 
60 per cent of either the total denand or peak,demands 
for power which will be required when the sewage treat-
ment program is completed. 
The Chicago River Improvement.-- The }lain Branch of the 
Chicago River, from Lake Michigan to Lake Street, has 
been improved and maintained by the United states Gov-
ernment. This portion of the river has a minimum width 
of 200 feet and a depth of approximately 26 feet. 
The South Branch of the Chicago River, from Lake 
street to Robey street, a distance of five miles, was 
widened and deeyened by the Sanitary District, to main-
tain navigable velocities in the river under all con-
ditions of flow in the channels. It necessitated the 
dredging of the river to a minimum width of 200 feet 
between dock lines, a depth of 26 feet for the center 
100 feet, and shoaling to a depth of 16 feet at the 
face of the dock. The work on this project was begun 
in ld97 and completed in 1920. 
In 1926 the City of Chicago started the project of 
straightening the South Branch from Polk Street to 18th 
street. This involved changing the bed of the river by 
an extreme distance of tlOO feet west of its present 10-
13 
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cation over a length of about a mile, the filling in of 
the old river bed, and the reconstruction of highway and 
railroad bridges. This project should be completed in 
1930. 
The North Branch of the Chicago River from its 
junction with the Main Branch, north to Be~nont Avenue, 
was improved by the United states Government. The sec-
tion from Belmont Avenue to Lawrence Avenue, a distance 
of 2.2 miles, was relocated, straightened, widened, and 
deepened by the Sanitary District in the years 1904--
1907. The work consisted of dredging a channel 90 feet 
wide and 12 feet deep. This channel was redredged be-
tween 1911 and 1912. The middle 20 feet between Belmont 
Avenue and Roscoe Street was deepened to 15 feet in 1917-
North Shore Channel.-- This cannal was built in the 
years 1907 to 191J to receive the sewage froIn the end of 
the Sanitary District from Glencoe down to Lawrence Aven-
ue, and to carry lake water for flushing out the North 
Branch of the Chicago River. It extends from Lake Mich-
igan at Wilmette 8.14 miles to the North Branch of the 
Chicago River at Lawrence Avenue, cut in earth through-
out. The capaci ty is 1,0')0 cubic feet per second. The 
water depth is 13.6 feet, bottom width 26 to 30 feet, 
side slopes 1 on 2, and 3 on 5, and the bottom gradient 
is 1 in 20~OOO. 

The Wilmette Pumping Station and Lock.-- The Wilmette 
pumping station and lock are located under the Sheridan 
Road Bridge in Wilmette. The pumping station p~ps 
water from Lake Michigan into the North Shore Channel, 
developing the necessary head to create the flow. Four 
horizontal screw pumps are provided, each 9 feet in di-
ameter, with a capacity of 250 cubic feet per second at 
3 feet head and 75 revolutions per minute. Each pump is 
geared to a 150 horse-power, alternating current, 3 
phase, 60 cycle, 440 volt motor. The lock is 140 feet 
long and 11 feet deep and is located at the side of the 
pumping station. It permits the passage of small boats 
between the :t<Torth Shore Channel and Lake Mi chigan. 
The Calumet-Sag Channel.-- This extends 16.2 miles 
northwest from a junction with the Little Calumet River 
just east of Blue Island to the main channel at Sag. 
It reverses the ordinary flow in the Calumet River, di-
verting from Lake Michigan all the sewage of the dis-
trict south of tl7th street. The canal has a minimum 
width of 60 feet, a depth of 20 feet; work was started 
in 1911 and conpleted in 1922. It was designed for a 
eapacity of flow of 2,000 cubic feet per second, but 
because of inadequate connection between it and the low-
er improved portion of the Grand Calumet River, it can-
not be used to capacity. 
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The controlling works, located near tbe junction 
of the Calumet-Sag Channel and the Little Calumet Riv-
er, is in the form of a lock consisting of two pairs 
of electrically operated, vertical sector gates 400 
feet apart. 
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SEWAGE PUMPING STATIONS 
Thirty-ninth street Station.-- The 39th street sewage 
pumping station. located at 39th street and Lake Mich-
igan, handles the sewage and drainage of the territory on 
the soutb side between 39th street and 87th street. It 
discbarges west tnrough a 20 foot conduit in the 39th 
street and the 39th Street conduit extension. emptying 
into the South Fork of the South Brancb of the Chicago 
River. commonly known as Bubbly Creek, just west of Ra-
cine Avenue. Lake water is also pumped for flusbing the 
Soutb Fork. Tbe area dr~ined is about 22 S4uare miles, 
and the pumpage of sewage ~aries from 100 to 1500 cubic 
feet per second. 
The mecb&.nical equipment consists of two screw 
flushing pumps each having a capacity of 1,000 cubic 
feet per second against a 4-foot head at a speed of 5, 
revolutions per minute. Each pump has a six bladed pro-
peller 14 feet 9 incbes in diameter, set in the tbroat of 
a tapered conduit, and driven by a vertical, triple ex-
pansion steam engine. The sewage pumps are four vertical 
shaft centrifugal pumps, two, 42 inch suction, having a 
capacity of 75 cubic feet per second each against a 24 
foot head, and two 72-inch suction. having a capacity of 
250 cubic feet per second each. against a l2-foot head. 
Each pump is driven by a triple expansion steam engine, 
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with cylinders set at 120 degree intervals around the 
vertical shaft. The two storm water pumps are 72-inch 
centrifugal electric driven pumps of 250 cubic feet per 
second capacity against a l6-foot head, driven by a sin-
gle synchronous motor of 1,200 horse-power. A steam 
turbine driven electric generator of 4,000 K.V.A. capac-
ity, 2,300 volts, 60 cycle, has been installed to aid 
the Lockport power plant in carrying the peak lighting 
load at sucfl times as the steam at 39th street is not 
needed for pumping. 
Lawrence Avenue Station.-- The Lawrence Avenue station, 
located at Lawrence Avenue just east of Broadway, pumps 
the sewage and drainage of the district on the north 
side, between Diversey Boulevard and Howard street, west, 
through a 16-foot conduit in Lawrence Avenue, discharg-
ing into the Nortb Branch of the Chicago River. Lake 
water, taken from a c.rib i mile off sh(~re in Lake Mich-
igan, is pumped for the diluting of the sewage and for 
flushing the North Branch. The areadrained is about six 
square miles, and the pumpage of sewage varies from 40 
to 300 cubic feet per second. 
The mechanical equipment consists of a screw flush-
ing pump having a capacity of 5B5 cubic feet per second 
~gainst a 3-foot head at a speed of 40 revolutions per 
minute. The pump has a six-bladed propeller 13 feet 
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6 inches in diameter, set in the tbroat of a tapered 
conduit, and is driven by a triple expansion steam en-
gine. The sewage pumps are three vertical shaft cen-
trifugal pumps, one 36-inch suction, having a capacity 
of 37* cubic feet per second against a lO-foot head, and 
two 51-inch suction, having a capacity of 125 cubic feet 
per second each, against a 5foot bead. Each pumJ is 
driven by a compound steam engine, with cylinders set 90 
degrees apart around the vertical sbaft. 
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AUXILIARY SEWERS 
The Stockyards Sewer.-- The stockyards intercepting 
sewer, a part of the dilution system, was built in 1916 
along the south bank of Bubbly Creek from Ashland Avenue 
to Hoyne Avenue, then north in Hoyne Avenue to an out-
let into the West 39th street conduit. This sewer pro-
vided a new outlet for the Ashland Avenue and Robey St. 
sewers of the City of Chicago, and removed this sewage 
and a large part of the sewage of Packingtown from Bub-
bly Creek. It is 3,450 feet long, built with a concrete 
bottom, a tile lined and brick arch. The section is 
semi-elliptical, varying in size from 7 feet by 7 feet 
to 8 feet by 9 feet. 
The 39th Street Conduit.-- The West 39th Street conduit, 
extending from near Hoyne Avenue to 7Iestern Avenue and 
emptying into the Western Avenue sewer, was built in 1910 
to cause circulation in Bubbly Creek. It is a concrete 
sewer of ovoid section, 12 feet by l4feet, 2.346 feet long. 
The 52nd Avenue Outlet.--The 52nd Avenue outlet sewer, on 
West 39th street from 56th street to 52nd Avenue, and on 
52nd Avenue, from West 37th Street to an outlet into the 
main cbannel, is part of the dilution S)T.stem, and provides 
an outlet for the sewage and drainage of Berwyn, Cicero. 
and the southern part of Oak Park and the Austin section 
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of Chicago. It is a aoncrete sewer, 5,290 feet long 
varying from a 7i-foot circular section to a l2i-foot 
by 16-foct horseshoe shaped section. 
The 39th Street Conduit Extension.-- The 39th Street 
conduit extension, a part of the dilution system, was 
built in tbe years 1923--1926 in the bed of the Stock-
yards Slip from Halstead street outlet of the 39th 
street conduit to a new outlet just west of Racine Aven-
ue. This conduit is built of reinforced concrete in a 
semi-elliptical section 22 feet wide and 23 feet high at 
Falsted street. and 24 feet wide and 27 feet high at Ra-
cine Avenue. The construction of this sewer made possi-
ble the filling of the Stockyards Slip and the extension 
of Pershing Road. 
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THE NORTE SFORE SYSTDff 
Tbe North Shore Sewer.-- The Nortb Shore intercepting 
sewer, built in 1914--1916 as part of the dilution sys-
tem, extends from Glenco along Prairie street and the 
east side of the Skokie Marsh to Winnetka Avenue, thence 
in Winnetka Avenue and along Sheridan Road to an outlet 
into the North Shore channel just west of the Wilmette 
pumping station. This sewer diverts from Lake Michigan 
the sewage of Glenco, Winnetka., Kenilworth and Wllmette. 
It was built of tile pipe and concrete, and varies in 
size from 24-1nch tile to an ti by 9 foot oval section 
at Shel'idan Road. This sewer is now conne cted to the 
North Side intercepting sewer and is considered a part 
of the Nortb Side sewage treatment project. 
The Eva.nston Intercepting Sewer.-- The Evanston inter-
cepting sewer, originally a part of the dilution system, 
was built along the shore line to divert the sewage of 
the City of Evanston from Lake Michigan. It collects 
the sewage from the street laterals which formerly 
emptied into the lake, and carries it to the Evanston 
pumping station where it is pumped to an outfall in the 
North Shore channel through a lO-foot sewer which also 
receives the sewage from several high level sewers. Dur-
ing excessive storms, overflows empty into Lake Kichigan 
at five points. The drainage area is about 600 acres. 
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A large part of tbis system was built in tunnel under 
compressed air. It is connected wi t}., the lTorth Shore 
sewage project by an inverted siphon under the North Shore 
channel, and is considered a part of it. 
The Evanston Pumping Station.-- The Evanston pumping 
station, located at Elmwood Avenue and Lake Street, Evan-
ston, pumps the sewage from the low level intercepting 
sewer into the lO-foot out~all sewer. 
The pumps are centrifugal trash pumps, with vertical 
shafts, driven by induction motors. There are six pumps, 
three 30-inch, each having a capacity of 35 cubic feet 
per second against a lO-foot head at 200 revolutions per 
minute. driven by a 100 horse-power motor, and three 14-
inch, each having a capacity of 9.6 cubic feet per second 
against a IO-foot head at 200 revolutions per minute driv-
en by a 25 horse-power motor. This station is operated 
with current from Lockport, and emergency service from 
the Public Service Company. 
In the construction of intercepting sewers and chan-
nels in the dilution project, one of tbe points of de-
sign has been that sewage treatment to supplement dis-
posal by dilution would ultimately be required over 
practically the entire district •• any of the sewers~, 
originally designed as tributaries of the canale in the 
25 
dilution system, will be and are now being used as 
collection sewers in the treatment projects. 
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Sll.·l}:'L:;.ny OF CONST;-WC1frON COSTS 
of tbe 
DILUTION PE(,;J3CT 
Main Drainage Canal 
Des Plaines River Improvement 
}Jain Channel Ex.tension 
Chicago River Improvement 
Nortb Sbore Channel 
Sewage Pumping Stutions 
Auxiliary Sewers 
Miscellaneous Construction 
North Shore Sewers 
Total Construction Cost 
Administration, Legal Expense, 
Clerical Expense, Damages, etc. 
Interest on LOans for Construction 




















t,ll, 434,857. 95 
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$:!-09,028.527·93 
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OPERATION OF THE DILUTION P~;:OJECT 
Mortality Rates.-- Since the pUFPose of the dilution 
project was to prevent the spread of disease by a sew-
age-contaminated water supply, its success m.ust be meas-
ured by the improvement of the mortality records of the 
Sanitary District. When the main drainage canal was 
authorized in 1889, the typhoid feyer death rate of Chi-
cago was higher than that of any other large lake city. 
With the canal in service, the typhoid death rate has 
declined from a maximum of 172 per 10(), :)00 population 
in 1891, to 1.0 per 100,000 population in 1922, and to-
day it is the lowest of any large city of the Great 
Lakes. However, credit for this decrease cannot begiv-
en entirely to the operation of the dilution project 
and the drainage canal, as sanitary science and hygeine 
have both played an important part. 
Diversion Quantities.-- The diversion works as orig-
inally constructed provided fOl' a complete ai version 
from Lake Michigan of all the sewa£e and drainage, and 
of 10,000 cubic feet of water per second in the follow-
ing manner: 6250 cubic feet per second direct from 
Lake Michigan through the Chicago River to the junction 
of the North and South Branches where it is augmented 
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by 750 cubic feet per second from the Lawrence Avenue 
Pumping Station, and lOQO cubic feet per second from the 
North Shore channel terminating at the lake shore in Wil-
mette. The 8,OJO cubic feet per second diversion then 
flows along the South Branch to the South Fork where it is 
increased by 2,000 cubic feet per second diversion at 
39th Street pumping station, making a total of 10,000 cub-
ic feet per second. The calumet-Sag channel, entering the 
main channel at Sag, Illinois, was designed to divert the 
sewage of the southern section of Chicago in order to de-
crease the load on the other diversions, and thus to de-
crease the current. in the ChicaGO River. It was designed 
not to incre&se the tot&l diversions over the specified 
10,000 cubic feet per second. 
The volume of diluting water required to prevent of-
fensive stream condi ticns bas been detennined in the past 
by observation. The quantity recommended for Chicago by 
the Draina.ge and ~vater SUP91y Commission is 4 cubic feet 
per second per 1,000 population. ~ecent tests and observ-
ations indicate that the most economical use of diluting 
water will be obtained by varying the v rJlume in accordance 
with seasonal changes in temperature and strecun flow. 
However, the flow re4uired to prevent deposits of sewage 
SOlids in the main drainage canal and to ?revent the dis-
charge of the Chicago River into the Lake during periods 
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of storm, rather than dilution, should control the vol-
ume. A diversion of 10,000 cubic feet per second is 
needed to prevent the Chicago River from reversing and 
flowin~ into Lake Michigan during a heavy rain. With a 
flow as low as 4,167 cubic feet per second, seven or 
eight reversals would occur during a year. This could be 
overcome by the construction of control works in the Chi-
cago River for use during storm periods. 
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THE REGULATI~G wORKS FOR THE GREAT LAKES 
HydroGraphic conditions of the Great Lakes Basin.-- The 
effect of the Chicago diversion is a part of and contrib-
utary to much Greater chan~es in the fluctuations of the 
surface levels of the (;reat Lakes as a consideration of 
the following physical elements of the problem will in-
dicate. 
Physical.-- The basin of the Great L8kes covers an area 
of about 310,))0 square miles. Into this basin there is 
an average rainfall amounting to 667,0')0 cubic feet per 
second. About 8,500 cubic feet per secon~ flows out 
through the Chicae;o Drainage Canal into the Illinois and 
Mississippi Rivers. About 220,000 cubic feet per second 
flow over Niagara Falls and 240.000 cubic feet per second 
into the st. L~~rence River. The balance of the inflow-
ine rain, a much greater ~uantity than the flow over Ni-
agara,puBses off from the basin of the lakes as evapora-
tion. 
Natural Fluctuations of the Great Lakes.-- The foregoing 
fi~ures ure averages. The rainfall and the evaporation 
over the Great Lakes varies greatly from year to year 
and through a series of years. Therefore, there is cor-
responding difference in the elevation of the average 
water surface from year to year and there is each year a 
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difference in elevation of from one to one and one-half 
feet between the spring and swnmer stage and the autumn 
stage. 
Each lake level is locally affected from time to 
time by the following natural causes: difference in an-
nual rainfall, difference in annual evaporation, effect 
of wind, effect of Barometric pressure, effect of ice at 
outlets, and the effect of Seiches. 
Before the Drainage Canal was opened in 1900, the 
record of gages on Lake Michigan by the United States 
Lake Survey, since 1~60, showed a range in difference of 
elevation of 4.6 feet. 
Effect on Lake Levels from Artificial Causes •• - The ef-
fect of the Chicago Drainage Canal cannot be determined 
from any series of gage readings though a complete rec-
ord showing both seasonal and cyclic fluctuations is 
available covering the period from ld60 to date. 
Eighteen years after the canal was opened Lake Kich-
igan was two feet higher than it was the day water was 
turned in, but this increase of lake level is of course 
no more due to the Drainage Canal than was the record low 
water of lci95 or 1923· 
Investigation and computations of the United states 
Engineers and the International Joint Commission of the 
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United states and Canada give tGe maxim~~ lowering effect 
of the Chicago Drainage Canal 011 Lakes Yichigan and Huron 
as 5i inches. 
In addition to Chicago's Canal there are several man-
made agencies which affect the levels of the Great Lakes; 
arno,,/! 
"them are: water power diversion at Niagara Falls, water 
power and regulating works at Sault Ste. Marie, channel 
improvements in the Detroit and St. Clair Rivers, the 
Welland Canal and water power, the New York Barge Canal. 
Chicago cannot be charged up with all of the natural and 
man made lowerings or fluctuations of lake levels. 
Compensating Works.-- The 5t inch lowering of the lake 
levels due to the Chicago Drainage Canal as well as all 
other man-made effects can be taken care of and restored 
by the constr'uction of compensating or regulating works 
in the st. Clair, Niagara nivers or other outlets. 
The practicability has been dertermined by several 
United States Engineer Boards and by the International 
Joint Commission United States and Canada. The estimates 
of cost are about $2,500,000. Chicago offers to pay for 
the construction of compensating works by the Governments 
of the United states and Canada which will restore any 
lowering effect made by the drainage canal. 
These conpensating works Chicago offers as a sol-
ution for tbe long standing lake level controversy and 
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~s a better procedure for all concerned than continued 
litigations. Compensating works remove all objections 
that have ~een raised by the interests of naviclatione. 
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SEWAGE TRE.<\TMENT 
Experiments.-- In lo06~ when the Drainage and "Vater 
Supply Commission was appointed, there were but two arti-
ficial processes of sewage treatment employed by large 
cities. Paris and Berlin used irrigation upon sandy 
lands, and London and other English cities treated sew-
age with chemicals for the removal of suspended solids. 
The adoption of either method of purification by Chicago 
was not considered feasible. Disposal by dilution was 
the practice of every American city of considerable size, 
the se\'1age being discharged into rivers, the Great Lakes, 
or ocean waters. 
Developments since ld07 have demonstrated the im-
practicability of land treatment for the sewase of large 
American cities, and the inadvisability of chemical treat-
ment for the removal of suspended solids. It has long 
been recognized by the Sanitary District that, in a city 
growing as is Chicago, a limit would be reached beyond 
which point it would not be feasible to dispose of sewage 
entirely by dilution. The capacity of all the channels 
would be taxed and the amount of water that could be with-
drawn form Lake Michigan for sewage dilution would be 
limited. Furthermore, it was evident that the sewage 
treatment program for the Sanitary District involved a 
study of both domestic and industrial sewage problems. 
Consequently a testing station ~as established at 39th 
b",<eet and operate'] from 1908 to 1916 on domestic sewage. 
This was followed bJ the study of the Packingtown wastes 
fr.Jm 1911 to 1916. Next Chme the special w·ork on activ-
ated sludge processes from 1915 to 1916, hnd the invest-
iga ti on of t2cnnery wastes f:com 1919 to 1922, and the stu-
dy of special wastes of the Corn Products Company at Argo, 
Illinois, from 1920 to date. Nothing has been overlooked 
which might give the SanItary District the best and most 
up-to-date information on sewage disposal. 
The problem confronting the District is to provide 
for treatment of the sewage and industrial wastes in ar-
tificial plants to such a degree that the purification 
of the remaininc Dolluting substances may be accomplished 
by natural processes in the canal system and the river 
without causing oojectionable conditions. 
The Need for Treatment.-- Sufficient diluting water can-
not be had to provide sa tisfactcry cond i tions in the can-
al system and the Des Plaines and Illinois 11.ivers. It is 
therefore necessary to supplement dilution with t~eatment 
of sewage in artificial plants. 'The removal of settling 
so lids is of primary inportEtnce, and, in addItion, it is 
necessary to provide for further treatment to oxidize and 
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render innocuous, as far as practical, the remaining 
impurities in a substantial portion of the sewage. 
The District's sewage treatment plan provides for 
removal of settling solids in all plants and for com-
plete treatment in some. This plan provides the neces-
sary sewers, pumping stations and treatment plants. 
The Construction Program.-- The Sanitary District in 
August, 1919, adopted a program and project for the 
construction of artificial sewage treatment plants to be 
operated as supplementaries to its sewage, drainage, and 
water diversion works. The Sanitary District has been 
divided into six divisions and six major treatment pro-
jects. A seventh division includes miscellaneous small 
projects for outlying towns and villages. 
The District is sewered chiefly on the combined 
system, in which the sewers carry both sewage and sto~ 
runoff. Intercepting sewers have been desirr,ned for 
assumed conditions of 1970, before which tim&· it is be-
lieved tbe present large water consumption per capita 
wilt have been materially reduced. During storms tbe 
intercepting sewers will provide for a flow approximate-
ly 50 per cent greater than the average and 2Q per cent 
greater than the maximum dry weather flows, respectively. 
The treatment plants can care for t~ese flows, which 
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will be only a small proportion of the total disctarge 
of the combined sewers during storms. It is not practi-
cal to provide treatment for sucb weak sewage, as the 
storm water can be dis crarged into the canals. 
Regulating devices are required to control the vol-
ume of storm flow admitted to intercepting sewers, and, 
where the intercepting sewers are below the elevc.tion of 
the river, wooden flood gates are ~rovided to prevent 
the river water from flowing into them. The controls 
are float-operated gates which close when the elevation 
of the storm water in the city sewer reaches a certain 
level. 
The Des Plaines River Sewage Treatment Project.-- This 
serves a suburban area of about Ib.5 square miles. The 
sewage is almost wholly domestic in character. The in-
itial installation was designed for a population of 
45,000 and an average flow of 4.5 million gallons per 
da.y, wi th a maximum of 50 per cent in excess of this. 
It is sewered entirely on the combined system. The 
main structures consist of the main pum.0 and blower house, 
the grit chambers, the screens, the ae~tion tanks, the 
settling tanks, the operating gallery, the sludge con-
centration tanks, the press and dry house, and the store 
house. 
The main pump and blower house contain three 14-inch 
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sewage pumpin~ units of the vertical wood trash type, 
each driven by a 50 horse-power motor, and six motor driv-
en blower units of the Nash hydro-turbine type to pro-
vide for aerating the sewage. In addition the building 
houses the Venturi meters, air washers, screens, tbe 
main electrical substation, repair shops, offices and 
chemical laboratory. A one story brick building houses 
the screens and two grit cha..'Tlpers each 44.5 feet long, 
3.5 feet wide and with a flow depth of 3.0 feet. The de-
tention period at average flow is approximately 1 minute, 
and the velocity is 0.6 feet per second. There are four 
aeration tanks each somewhat different from the otbers, 
and each provided with a battery of tbree settling tanks. 
nlis plant provides complete treatment by the activ-
ated sludge process and has been used for investigation 
and research purposes. 
The Calumet Sewage Treatment Project.-- The Calumet sew-
age treatment project serves a rapidly growing industrial 
area of about 42.5 square miles in tbe portion of the 
Distri ct south of 87th street. The sewage is mostly do-
mestic in origen but contains a large amount of industI'i-
al waste. The initial installation was designed for a 
popUlation of 225,0')0 and an average sewage flow of 56 
million gallons per day. 
The main structures consist of an influent and 
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effluent conduit, five grit charr,bers and screens. The 
conduit. is a three-barrel sewer, two barrels of which 
carry U!e raw sewage to tbe .91ant and one barrel car-
ries the effluent to the Calument-Sag Channel. .1.he five 
grit c~mbers are e~ch 60 feet long and 6.5 feet wide 
wi th a flow depth of at)out 5 feet. Each chamber is pre-
ceded by a coarse screen 6.5 feet wide inclined at 45 
degrees with a I-inch clear opening. The treatment is 
provided by sedimentation tanks of the two story or Im-
hoff type. The detention period in the settling compart-
ment at average flow is 2.9 bours, and the sludge di-
gestion capacity is 2.3 cubic feet per capita. In add-
ition to the sedimentation tanks there are two activat-
ed sludge units, each 103.5 feet long by 34.5 feet wide. 
The detention period here at average flow is 4 hours. 
Each activated sludge unit is followed by a settling 
tank of Dorr design. In addition there are 3-5 acres 
of underdrained sand beds for sludge drying, a trick-
ling filter,130 feet by 248.5 feet, and secondary tanks 
of the radial flow type, each 30 feet in diameter with a 
maximum water depth of 20.2 feet. 
~he machinery building houses three horizontal 
motor driven centrifugal pumps for supplying the filter, 
four motor driven blowers of the Nash hydro-turbine 
type, screens and air filters for conditioning and clean-
41 
ing the air, equipment for dewatering and drying of act-
ivated sludge, conveying e~uipment for hundling compressed 
c~ke and dried sludge, screening and grinding equipment 
for preparing the dried sludge for market, and a central 
heating plant. 
A two story administration building furnishes ac-
commodations for the engineering staff, the chemicc.l lab-
oratories, and locker space for some of the laborers. 
A one story building is provided for storage, re-
pair shops, garage,and for housing gasoline locomotives. 
The North Side Sewage Treatment Project;-- This project 
will be described later in detail. 
The Industrial Wastes Treatment Project.-- The industri-
al wastes treatment project includes plants for treating 
wastes from the corn products industry and from the stock 
yards and Packingtown. ··i'he wastes from the corn products 
industry contain very little suspended material, but the 
oxygen demand load is nearly ten times as greut as that 
of an equal volume of domestic sewage. The stock yards 
and Packingtown wastes contain a large pro~ortion of s~­
ling solids, and this waste, even after the removal of 
the setrring solids, would impose a load on the diluting 
system and on the oxygen demand load nearly nine times 
as great as that of an equal volume of domestic sewage. 
42 
It has been proposed to treat these trade wastes 
at their source, but suitable sites for treatment nlanta 
'-
are unobtainable, and the distribution of cost for such 
a program has not been definately decided upon. lhe 
industrial waste situation is still in the Stute and Fed-
eral courts, although processes of treatment have been 
worked out. 
The West Side Sewage Treatment Project.-- 'lhe \'iest side 
sewage treatment project will provide treatment of the 
sewage from an area of 100 square miles, embracing the 
territory south of Fullerton Avenue, north of the main 
channel, and west of Lake MicbiGan to the Des Plaines 
~iver. The tributary area will be sewered almost entire-
lyon the combined system. Considerable tannery and oth-
er industrial wastes will be handled in addition to the 
sewage of domestic origin. 
The entire plant is designed for a population of 
l,ti50,OOo, and an entire flow of 400,OOC,OOO gallons of 
sewage per day by 1940. 
The main pumping station is 82 feet by 369 feet in 
plan. 'J:l;e main sewage pumps are of the single inlet 
dOUble suction, horizontal centrifugal type, driven by 
direct connected synchronous motors, and operating a-
gainst a total dynamic head of 68 feet. 'lbere are two 
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uni ts wi th a ca;:mci ty of 100 cubic feet ;Jer second, each 
dri ven by 1:)00 horse-power motor, and five uni ts each wi th 
a capac~ty of 2JQ cubic feet per second, driven by a 
2000 horse-power motor. 
lbe pumps are protected by bar screens with 4-incb 
clear openings. For returninG the sew2.ge from the grit 
cbambers to the influent condui ts of the Imhoff tanks, 
there are four boriaontal motor driven centrifugal pumps 
eact witb a capacity of 30 cubic feet per second, driven 
oy 75 horse-power induction motors. Located in this 
building are the main electrical switchboards, the cir-
cuit breakers, the transformeI's,the air compressors, and 
the central heating 9lant. 
The plant will be supplied with power over 33,000 
volt lines from the Lockport power house and from the 
Public Service Company of ~orthern Illinois. 
'l'he skimmint; tanks are 105 feet long, 66 feet wide, 
and have a water depth of 11 feet. These tanks,eight in 
number, are designed for a detention period of 15 min-
utes at average flow, and are designed to remove the oil 
and other scum forming material, and to remove the grit 
from the sewage. It is proposed to draw off about 15 
per cent of the average flow witt the bottom sludge and 
pass it through tLe grit chamber. 
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Four grit chambers, each 90 feet lone and e feet 
wide, with a flow depth of 5.6 feet, are provided for 
separating the grit from the concentrated uottom sew-
age drawn from the skimrning tanks. The gri t cbamber 
effluent flowa to the main pump house where it is 
lifted up and disc~rged into the influent conduit 
leading to the Imhoff tanks. Five mechanically cleaned 
Coarse screens are provided for screening all sewage. 
A one story building houses the master Venturi met-
ers, the return sewage meters, the meter registers and 
the controlling equipment for the valves. 
The entire plant contains IOe Imhoff tanks, each 
do feet by dO feet square, with a maximum water depth 
of 33 feet, divided into three batteries of thirty-six 
tanks. each. The tanks are designed for a detention per-
iod in the settling com9artment of two hours at average 
flow. The sludge digestion capacity is at the rate of 
2 cubic feet per capita for the ~est Side tributary 
population and 5 cubic feet per capitalfor the excess 
sludge from the North Side. The tanks are so designed 
that gas collectors and scum withdrawal piping can be 
added. 
The underdrained sludge drying beds cover an area 
of 57 acres. Tbey are divided into 23 units, each 80 
feet wide and ranging from 800 reet to 1,770 feet in 
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length, hnd are designed at the rate of 0.6 square 
feet per capita for the North Side. llechanical clean-
ing of the beds is contemplated. The dried sludge will 
be disposed of by dumping on land reserved for the pur-
pose along the aai n channel. ~'or this fl 11i ng a stand-
ard c;auge railroad with com,lete rolling stock, a round 
bouse and repair shops, and unloading and distributing 
equil~ent will be provided. 
The Southwest Side Sewage Treatment Project.-- The 
Southwest side sewage treatment project is to provide 
for treatment of the sewage from an area 59 miles 
sG.u~Lce in the central portion of the Sani tary District 
lying south of 31st street and the raain drainage canal 
and north of d7th Street. The estimated contributing 
population is 1,322,000 in 1945. It is proposed to 
provide for removal of settling solids in sedimentation 
tanks with an activated sludge plant to treat its ef-
fluent discbarged into the main canal. No definate site 
has been selected although negotiations are under way 
for a suitable site in the vicinity of Sumrrit, near the 
West Side Plant. 
Miscellaneous Treatment Plants and Sewers.-- Miscellan-
eous treatment plants and sewers will be required to pro-
vide for the future frowth of the now sparsely ?opulated 
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portions of the District. The Sanitary District in-
cludes 49 incorporated towns and villages outside the 
City of Chicago. In most cases it is advisable to pro-
vide for compmete treatment of the sewage at its source 
instead of carrying it to the larger plants. 
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TEE DIVERS I ON CONTRO"\TERSY 
Events Preceding the Construction of the Drainage Canal.--
The construction of the Main Drainage Canal of the 
Sanitary District of Chicago was not without precedent 
and not without the sanction of the Federal Government. 
When Illinois was admitted to the Union the quest-
ion of constructing a waterway between the Lake Michigan 
and Mississippi River watersheds was under consideration. 
In lo~2. the Congress of the United States recognized 
the value of building a canal "connecting the Illinois 
River with the southern oend of Lake Michigan-, and on 
March 30, 1922, Congress passed an Act providing for such 
a canal and donating to the State of Illinois certain 
lands to aid in the construction. The State did not 
meet with the requirements of the Act and it expired 
through lapse of time. 
Congress again, on March 2,lB27, ,assed an Act pro-
viding for the construction of a canal "to unite the 
waters of the Illinois River with those of Lake Michigan" 
and donating to the State a certain amount of land to 
assist in the construction of the canal. The State of 
Illinois met witb the requirements of this Act, received 
the land and provided for the construction by an Act of 
the General Assembly passed January 9. lti36. section 
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16 of this Act provided that the canal should "be sup-
plied with water from Lake Michigan and such other sour-
ces as the Canal Comraissioners rnay think proper." 
The Supreme Court of the United States, in Mis-
souri vs. Illinois, 200 U.S. 495-526, in sgeaking of the 
effect of the action of Congress and of Illinois in pro-
viding for the construction and operation of this canal, 
said: Kit is enough to say that Illinois brougtt Chi-
ca.go into the ]Hssissippi watershed in ;JUl'suance not 
only of its own statutes but also of the Acts of Con-
gress of March 30, 1322 ...••..••••• and March 2, 1827 •.• 
••••••••• the validity of which is not disputed.-
It is obvious that Congress intended, by the Acts 
mentioned, and Illinois understood, that water might be 
withdrawn from Lake Michigan for the purpose of creating 
a stream and waterway from Lake Michigan to the Des 
Plaines and Illinois Hivers. There was no limitation as 
to the amount of the witbdrawa1. The waterway and stream 
having been created by the sovereign authorities of the 
United states and the state of Illinois, it may be ~re­
surned that it was intended it should be utilized in ev-
ery we.y tba t su ch a wa terway or stream might serve the 
people of the Country and the State. 
A waterway from Lake I,Hchigan to the Illinois Riv-
er, the Illinois and Michigan Canal, was completed in 
49 
in 1848. Shortly thereafter, 9llmps were installed at 
Bridgeport, the northern terminus of the canal, to with-
draw water from the South Bra.nch of the Chicago River for 
the canal's operation and also for the purpose of cleans-
ing to some extent, the river which was even then pol-
luted by sewage. 
In 1871, the Illinois and Michigan Canal was en-
larged and deepened across the surnmi t from Chi cago to 
Lockport, to withdraw a greater amount of water from the 
Chicago River. This produced the first diversion of 
water from Lake Michigan at Chicago by gravity and was 
the forerunner of the diversion \vh1ch took place through 
Chicago Drainage Canal some twenty-nine years later. The 
expense of deepening the Illinois and Michigan Canal and 
producing a gravity flow was borne by the City of Chicago, 
pursuant to legislative authority and power granted for 
the purpose of relieving to some extent the filthy con-
ditions then existing in the Chicago Hiver and the pol-
lut.ion of the Lake Michigan water SU:,?9ly because of the 
discharge of sewage into the lake by way of this stream. 
Under the Rivers and Harbor Act of ld75, Colonel 
J. M. ~cComb of the Corps of Engineers of tbe United 
St.ates Army, made a report to Congress dated January 25, 
1875, concerning the improvement of this waterway, in 
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which he stated: "The improvement of the Illinois and 
Michigan Chnal involves the further cutting down of the 
summ.i t level and enlarging the waterway so as to afford 
an unfai li ng sUPJly of WEI. ter from Lake liri ctiigan for the 
improved Illinois River.M Subsequently, many reports were 
made by the United states Army eng.ineers pursuant to the 
Rivers and Harbors Acts of Congress along substantially 
the same lines. 
In 1804, condi\ons reearding tbe pollution of the Chi-
cago River and the wa ter sup~ly having grown wor se, new 
pumps were constructed and put into operation at Bridge-
port to withdraw from the River not less than 60,Ooa cub-
ic feet per minute. The cost of installing the pumps and 
operc.:ting them was borne by the City of Chicago under auth-
ority from tbe Illinois State Legislature. 
Chicago was gr'owing so rapidly, and conditions of pol-
luticn of the water supply through the discharge of sewage 
into Lake Michigan , both directly and by way of tbe Chicago 
Rivel', became so critical that the peo?le of the community 
set about to thoroughly solve the problem of sewage pollu-
tion and watei' supply. A Drainage and Water Supply Com-
cission was created,composed of eminent engineers. This 
COIDnliesion made a report in 1887 wbich led to the creation 
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of the Sanitary District in 1009, the construction of 
the ;:lain Drainage Canal, 1092-19,)0, and the diversion 
of water from Lake Michigan through the Drainage Canal 
beginning in 1900. 
Permits for Diversion from Lake Michigan at Chicago.--
The maximwn run-off of the Chicago River Drainage 
Area and t [:us the maximum flow of the eh i cago Ri vel', was 
estimated and considered to be at the time tbe Sanitary 
District's Main Channel was projected, 10,000 cubic feet 
of water per second. Thus the main channel of the Dis-
trict was constructed to a maximum capacity of that 
amount. utherwise it would not at all times keep the 
Chic~go River reversed and flowing away from Lake Mich-
igan, which was fundamentally necessary in order to pre-
vent pollution of the water supply at times of heavy 
rain. 
A pel'mi twas issued on May d, 1899, by the Secre tary 
of War (General Alger), authorizing and penni tting the 
Sanitary District to open the main channel which had 
theretofore been completed, subject to two 9rimary con-
d i tions: 
(I) If Congress sbould act in the premises by 
legislation, tten the permit should have no fur-
ther effect or force. 
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(2) If current were created by the withdraw-
al of water from Lake J~iichigan unreasonably ob-
. 
structive to navigation in the Chicago River, then 
the Secretary of War reserved the right to modify 
it. 
There has been no action of Congress. Tbere was, 
bowever, a curren t cr'e~, ted in the eh i cago qi ver because 
of its then sballowness, narrowness and tortuousness, 
being only 17 feet deep and less than 100 feet wide at 
different points. For tilis reason the Secretary of Har 
later modified the original permit of May d, 1899, re-
ducing the amount of the withdrCiwal. .it follows that 
had thel'e been no current erea ted and had the Chi cago 
River Channel been as wide and deep as it was later cre-
ated, there would have been no modific~tion of the a-
mount of the withdrawal, and the Sanitary District would 
be now wi thdrawing the amount of watel' tba tit asks and 
requires, witliout Federal objection or controversy. 
However, on April 9, 1901, because of objections 
to current in the Chicago niver and for that express 
reason, the Secretary of War modified tl1e original per-
mit to 200,000 cubic feet per minute (),333 cubic feet 
per second). Various other modifications were made, 
and finally in 1903 the District was directed not to 
withdraw more tban 250,000 cubic feet per minute, or 
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4, 167 cuuic feet per second. 
However, w~ile these modifications of the orig-
inbl ?ermit were being made bec&use of objections to cur-
lent in the Chic~go River by navigation interests there, 
the S&nitary District, pursuant to permit of July 11, 
1900, and permit of 1902, had made plans for the deen-
ening and widening of the Chicago River to 26 feet in 
depth and 200 feet in width at all points. Condemnation 
proceedings to obtain land for the widening had to be 
tried. About the year 1903, when the la.st modification 
was made, the District conunenced the work of deepening 
and widening the river, pursuant to the Federal permits, 
in order to create a channel of such flowage capacity 
that a current would not be created obstructive to navi-
g&tion by taking through that channel water from Lake 
Michigan required to operate the ~ain Channel to its 
full capacity. 1h16 work extended over a period of 
years and necessarily required considerable time for its 
completion, (i.S it was necessary to dredge the entire riv-
er channel, take out immense quanti ties of earth to wld-
en the river, replace old center pier bridges with new 
and modern type bascule bridges. So the work did not 
reach its practical completion until about the year 1912. 
The Chicago Hiver improvement, for deepening and widen-
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ine: the South Branel! cost the Sanitary District 
$12,472,301·54. 
F"rom the above record the offic lals of the Sani tary 
District were justified in assuming that the restrictions 
on flow through the Chicago River were made only in the 
interest of navigation in the river; and that when tbe 
river imp.covement was completed which would permi t the 
maximum flow through the Chicago River,with a current of 
not more than one and one-quarter miles per bour, this 
improvement could be us ed to its co. ')aci ty. ·Nhy else 
sbould they have gone ahead wi th an expendi ture of twelve 
and a half million dollars on this improvement? The Chi-
cago Hiver as it was 30 years ago could carry 4,167 cub-
ic feet per second without &n excessive current. 
The reason for tbe modification of the original per-
mi t having been rerrioved, it was ne cessari ly ass l..lI.aed t:b.at 
the modificEtion would have no further force or effect, 
and tCJat the original permi t as to its full extent would 
be recognized. Therefore tbe Sanitary District on Feb-
ruary 5, 1912, made application to the Secretary of Wax 
for the withdrawal of the modification and the recognition 
of the original permit by ag~in issuing one for the with-
drawal of 10,000 cubic feet per second. On May e, 1913, 
the Secretary of War, however, refused on the princi0a1 
ground tbat he was without authority to authorize any-
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thing that would amount to an obstruction to navig-
ation and Gongress only had that authority. 
Subsequent appli Cce ti ons to increase this amount 
were denied except for quite recent increases, tem-
porary in character. Diversions in excess of the 4,167 
cUbic feet per second led to federal action for injunc-
tion, wtic~, partly because a federal trial judge pock-
eted his decision for six years, then merely rendered it 
orally in favor of the government, delayed the final de-
cision of Hie United States Supreme Court until Janu-
~ry 5, 1925. During the pending of the suit, the San-
itary District disobeyed the restrictions of the Secre-
tary of War t s perIni t and incL'eased the diversion to 
d,500 cubic feet per second in order to dispose of the 
sewage of the Dis~rict. 
Had the injunction then issued been enforced, the 
Port of Chicago almost immediately would have become un-
usuable because of the deposit of sewage without a suf-
ficient flow of water through the canal to dilute the 
sewage and ca.rry it away. In the na ture of things it was 
not practical to stop the deposit witrout substituting 
some otber means of disposal. This situation gave rise 
to an exigency whicb caused the Secretary of ~ar, under 
tbe ruling of January 5, 1925, to grant a temporary per-
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mit for the diversion of d,500 cubic feet per second, 
conditioned on the adoption of a complete sewage treat-
~ent program, by the district, and installation of com-
plete metering and filtering of its water supply by the 
City of Chdcago. The permit terminated on December 31, 
1929-
The first official reduction of the Chicago sew-
age flusr! ing divers i on from the Great Lakes was mad e by 
tbe War Department's renew5.l permit of Janua.ry 1, 1930, 
whicrJ a.uthorized only 7,250 cubic feet pel' second, in 
place of the 8,500 cubic feet per second of the former 
perrait. Ihis change implies tbat the Govermnent intends 
to consistently go forward wi th its reducti on of divel'sion 
wa tel'. 
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NORTH SIDE SEWAGE TREATMENT WORKS ('hlf-agu Aetial Sum.l· ('II. 
1. Main Pumping Station and Blower House. 2. Outdoor Substation. 3. Grit Chamber and Coarse Screen House. 4. Preliminary Settling Tanks: ~. Aer~tiO; 
Tanks. 6. Final Settling Tanks. 7. Operating Galleries. 8. Main Building. 9. Service Building. 10. North Shore Channel. 11. McCormick 03. 
12. Howard Street. 13. Chicago and Northwestern Railroad. 14. Elevated Railroad. 
\J1 
ex; 
TEE NORTH SIDE SE\VAGE TREATIlEN"T WORKS 
Location.-- The North Side Sewage Treatment Works are 
located in the Village of Niles Center just west of the 
North Shore channel, between Howard Avenue on the south 
and the North Shore Railway on the north. The area of 
the site is 97 acr~s. 
The Tributary Area.-- The tributary area is approxi-
mately 7d square miles and is sewered almost entirely on 
the combined system. T'te -plant was built to treat the 
sewage, largely domestic in character, from that part of 
Chicago north of Fullerton Avenue, and also ttat of Ev-
anston and the North Shore towns of Wilmette, Kenilwortb, 
Winnetka, Glenco, Niles Center and Tessville. 
The intelcepting system is designed as a sanitary 
sewer system, but will carry 50% in excess of the dry 
weather flow as of 1960. The north side intercepting 
sewer system consists of a north branch and a south 
brancb. The north branch of the system is !)artly a 4-
foot circular concrete sewer and partly a 6-foot 6-inch 
semi-elliptical concrete sewer. This sewer connects 
with the North Shore sewer at 'R'ilmette and foll.ows a-
long the west side of the North Shore cbannel to the 
nor-tb side treatment works. The south branch starts at 
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Fullerton Avenue as a concrete sewer 4 feet by 5 feet of 
semi-elliptical shape and runs along the west side of 
the North Shore channel to the plant gradually increas-
ing in size to 15 feet by 15 feet. Several branch sew-
ers connect with the city sewers, the most im~ortant of 
which is the connection at Lawrence Avenue to the north 
bl'anch seWt,ge pumping station. This pumping station is 
'oeing constructed to replace the Lawrence Avenue sewage 
pumping station. The new station will be electrically 
operated and of about four times the capacity of the old 
station. It is located on Sanitary District property 
just east of the North Shore channel and just north of 
Lawrence Avenue. There wi~l be installed three 42-incb 
discl.arge dry-weather pumps, each with a ca9acity of 75 
cubic feet per second at 9-foot head, driven by 10:) 
horse-power synchronous motors, and five 72-incb dis-
chCiree pumps, each with a capacity of 3:)0 cubic feet per 
second at a l7-foot 1-.. ead, driven by Ciao horse-power syn-
chronous motors. They are all of tte lJorizontal split 
case centrifugal volute type, single inlet, double suc-
tion. This stl:::.tion will pump tbe dl'y-weatber sewage to 
the North Side Sewage Treatment V;orks. 'Fhe storm water 
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Much of tbe city system lies considerably aboye 
these interceptors; where this condition is pronounced, 
the "Hydraulic Jump'" is used to dissipate the acquired 
kinetic energy of the falling water passing the sewage 
control devices. Practically the entire intercepting 
system was built in tunnel because of the great depth 
and to avoid interfer'ence with traffic and utilities in 
congested streets. 
Gross Area acres 19&& 61, 0 ~ 6 , : 0 i9~g 6, 0 
Drained It It 30,90J 34 _100 43,600 
Ina.ustrial It It 1,OJO 1,100 1,500 
Population 590,000 300,0)0 1,450,000 
Q,uantity of Sewage 
Average M.G.D .. 125 175 225 
Maximum M.G.D. 167 263 338 
(From studies and estimates made by the vistri ct). 
The average quantity of sewage has been estimated to 








Gallons per capita 212 












It was ass~~edJ in making tbe studies, that univers-
al metering of the Chicago water supply will be put into 
effect before many year~ and tr~t it will reach 100 per 
cent by 1960, reducing the consumption of water to 106 
gallons per capita. 
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Design data.-- ~he data and quantities used in design-
ing tbe North Side Sewage Treatment Works are as follows: 
Design date ••........•••.....•••••.•• 1930 
Population ••••.••.•••.•..•.•..••••... 800,000 
Average quantity of sewag·e •••.•.••••• 175 m.g.d. 
Suspended matter in sewage ••••....•.• 125 p.p.m.removed 
Velocity through grit chambers .•..•.•• 75 foot per sec. 
Detention period 
Preliminary settling tanks 
(maximum flow) .•••••.•••••• 20 minutes 
Aeration tanks .. , .••.•.••••••••••• 6 hours (175 m.g.d.) 
Sludge return •••.••••••••••••••••.•.• 20 per cent 
Area settling tanks for average 
flow (net) .•. , , , • 1060 gal. per 
per day 
Area settling tanks for maximum 
flow (net) ••••.•• 1600 gal. per 
per day 
Air cubic feet (free) per gallon 
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PUMP .. BLOWER HOUSE 
CROSS SECTION 
TF-E PLANT 
T[;e Main Pumping Station and Blower House.-- The main 
/2. 
pumping station ~d blower house is approximately 308 feet 
by 168 feet in plan. In general the building is divided 
into four levels. The sewage pumps are located at eleva-
tion minus 4.15 Chicago City Datum. The blowers are 
placed at the plus 25 foot level. These levels are ser-
viced by a 34 ton electrically ogerated crane b~ving a 
span between crane rails of 70 feet 11 inches and a trav-
el between crane steps of about 200 feet. At the east end 
of the building at elevation plus 40.0 is located the 
swi tchboal'd balcony. Prirt of the floor space at this el-
evation is devoted to air conditioning equi.pment, and 
part to storage space. Elevation plus 57 houses a por-
tion of the air conditioning system, storage space being 
reserved for oil and for mechanical parts and equipment. 
In the front part of the building,a tower section, a 15 
ton electrically operated monorail hoist is sup;;:;orted 
from the floor level at elevation plus 57.0 to service 
the transformer room which is located at elevation plus 
21.0. In the southwest tower an auxiliary crane of 15 
ton capacity witb a span of 28 feet lo-~ inches is used 
fo r 0 pera ti ng the s top logs in the sewat;:e conduits lead-
ing from the pumps. 
~he main sewage pumps that handle the raw sewage 
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from the intercepting sewers to the treatment plant, con-
sist of three 48 by 42 inch type "8 1t pumps each rated at 
45, 000 G.P.M. against a 44 foot total dynamic head at 300 
each £)wnp is driven by a 700 horse-power, 6,60a 
volt, 3 phase, 60 cycle, 80 per cent power factor syn-
chronous motor, and two 40 by 48 inch ty~e "S" pwnps, 
eaclt rated at 67,000 G.P.M. against a 44 foot total dy-
namic head at 300 R.P.M., each driven by a 1000 horse-
power, 6,600 volt, 3 phase, 60 cycle, 80 per cent power 
factor, synchronous motor. 
'lhe se pump ing un i ts are the hori zon tal s }-'aft type, 
having side suction and side dischurge, bronze fitted ro-
tating element, ring oiledbearings, and cast iron im-
peller which is designed for passing sphel'es of 7t inch 
diameter'. 'l'he pumps are so designed that their capacity 
can be increased 20 percent by changing the impeller. 
Provision is made for an additional unit in 19$5. ~he 
synchronous motors are of pedestal bearing type direct-
connected to the pumps through flexible couplings and are 
arrunged to start the pumps t:nrough autotransformers with 
pumps empty, The complete unit is set above high level 
of the suction pump. Base plates are not required under 
these large pumps. The pump feet are provided with sep-
arate sale olates for mounting directly to the foundation • 
.. 





Main Sewage PumP. 
for sliding stator. An individual oil filter circulating 
system is installed on e~ch unit; a small gear oil pump 
is mounted on the outboard bearing of the main pwnp driv-
en from the main unit shaft. 
The pumps are preceded by coarse bar screens of the 
vertical lift type with 4 inch spacing. !he sewage pass-
es through these screens into one large suction sump im-
mediately below the pumping units. The pump room is en-
tirely sealed from the suction sump. Instead of vertical 
bottom suctions, horizontal auctions with elbows are pro-
vided on the pumps for convenience in case large timbers 
should pass the vertical lift screens and enter the suc-
tion of the pumps. In such an emergency the suction el-
bow cc:.n be removed and such timbers extracted. For or-
dinary small debris, a lo.rge manhole is provided in the 
suction passage of the pump for cleaning and inspection 
purposes. 
The priming is accomplished by motor driven wet 
vacuum pumps located on the plus 4.0 gallery just over the 
discharge piping of the p~ps. Priming connections are 
provided on each side suction inlet of the im?eller, as 
well as on the top of the volute casing. 
For protection against flooding, duplicate overflow 
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siphons discharge back into the suction channel. 
There are seven turbo-blower units for compressing the 
air for aerating the sewage; three having a capacity of 
30,000 cUbic feet of free air per minute, and four having 
a capacity of 40,000 cuoic feet of free air per minute, 
when operating under a discharge pressure of 7.75 pounds 
per square inch gauge on air temperature of 85 degrees Fah-
renheit at intake to the blower and a barometric pressure 
of 14 pounds per square inch absolute. 
The blowers are constant speed specially designed u-
nits. They are of the horizontal shaft, uncomled multi-
stage centrifugal type. Each blower is direct-connected 
to a three phase, 60 cycle, 6,bOO volt, 00 percent power 
factor synchronous motor. The 30,000 units are driven by 
1,650 horse-power motors and the 40,000 units by 2,160 
horse-power motors. ~he blower is connected to the motor 
by a flexible coupling. 1bey are mounted on a common 
cast iron sub-base of rigid construction. The unit is of 
the four-bearing design, with blower and motor shafts each 
supported by two be~rings. The blower casing is split on 
the horizontal center-line, the two halves being securely 
bolted. The bottom half is fitted with flange openings 
for the air intake and discharge connecti 0ns. 'l'he blowers 
discI'arge into two 5 foot Ca.st iron mains leading to the 
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operating galleries between the aeration and settling 
tanks. 
Each blower unit is equipped with 8., gear oil-pump 
driven from the blower shaft, which su~n)lies oil under 
pressure to both blower and motor bearings. 
In addition to providing clean air to prevent rapid 
cloGging of the diffuser plates, it is necessary, with 
the type of blower and mot~ i~stalled, to maintain the 
intake air within a temperature ranee of from 35 to 85 
degrees Fahrenbeit in order to obtain the best operating 
characteristics and to prevent overloading the blowers. 
To accomplish this, complete air conditioning equipment 
was installed. The air conditioning equipment is ar-
ranged in eight units, consisting of Vento type heaters, 
water' air washers, and oil-coated filters. Each unit has 
1,512 s~uare feet of heating surface arranged in two 
double-decked tiers controlled by thermostats. The air 
Washers for each unit consist of two banks of spray noz-
zles, one bank of scrubbing nozzles and one set of dis-
tributor and eliminc!"tor plates. The oil-coated air fil-
ters for each unit consist of fifty-six cells, each 2) 
inches by 20 inches by approximately 4 inches deep. The 
cells are arranged in one bank. The air conditioning 
equi pment has a total C8"paci t.y of approxima tely 350 r OOO 
CUbic feet of air per minute with a delivered air temper-
69 
ature range from plus 35 to d5 degrees Fahrenheit, de-
pending upon seasonable temperutures. 
The water circulating pumps, for supplying water to 
the air conditioners and for coolinG the air for ventil-
ating the blower, and the motors,are located in a pit on 
the plus 11 floor just east of the blower units. These 
pumps bre of the hOl'izcmtal shaft, centrifugal, single 
stage ty ~)e, dire ct dr i ven by squirrel cage, i ndu cti on 
motors. There are four ~)umps, each baving a l~ated cap-
acity of 2,25:) gallons per minute against a total dynam-
ic head of 155 feet. The four motors are 6,6JO volt, 
3 ph~se, 60 cycle, squirrel cage type rated at 125 horse-
power, 1,7~5 revolutions per minute. The w~ter for the 
circulLting pumps is taken from the effluent conduit 
through a 24 inch cast iron pipe. 
Operating conditions such as air pressure and tem-
perature, steam flow to air conditioners, total pumpage, 
elevation of the suction chamiJel', are shown by direct 
l'eading Ctnd recording instruments centralized in a room 
adjacent to the office of the Chief Operating Engineer. 
This is one of the most com~rehensive automatic control 
sy~tems ever installed in a plant of this kind or of a 
similar nature. 
The main electrical equipment is located in the 
pump and blower building. It is operated by remote-con-
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tro1 6\I{i tchboards, containing a-oout 1:)0 panels. Power 
is brought to the site from Lock,?ort over 12,000 volt 
underground cables and over duplicate 33,000 volt trans-
mission lines. Electrical and mechanical interlocking 
~as been resorted to throughout the design of the equip-
ment so far as practice.bIe for replacing the number of 
mechanical operations and for protection purposes. The 
disconnecting switches are gangoperated and are inter-
locked with the oil switches to eliminate the possibil-
ity of opersting the disconnecting s~itches under loads. 
All motors and oil switches are electrically operated 
by rem.ote control. Special control features insure prop-
er starting sequence for pump and blower motors and in-
terlock the starting equipment. 
The swi tchboard balcony permi ts the oper;-. tor an 
undisturbed view of the blower and pump· floors. 
The Outdoor SUbstation.-- The outdoor sUbstation is lo-
cated just north of the pump and bIo.ver Qui Lding and is 
connected wi th it by a two-section tunnel wi th a three 
phase, double, 4 inch by t inch, copper bus on each side. 
The sUbstation is fed by two overhead 33,000 volt lines 
and h~s two 15,000 K.V.A transformer banks. It is ~ro­
tected by lightening arresters, five oil circuit break-
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down to 6,600 volts and enters the pump and blower 
bouse through the under_ground tunnel. Current is sup-
plied to the sewage pumps and blower motors at 6,600 
yolts, but is stepped down to 440 volts for all other e-
~uipment, and to 110 volts for the lighting and meter cir-
cuits. Energy is supplied to the other buildings through 
cables running in underground ducts. 
The Grit Chambers.-- The grit chambers and coarse bar 
screens are housed in a separate structure. The twelve 
grit chambers are each dO feet long and iJ feet wide and 
have a water depth of 4 to 6t feet. The detention period 
at average flow is 1.3 minutes, and the velocity is 1 
foot per second. The flow trTough the chambers is con-
trolled by electrically operated sluice gates at each end 
of the channels. The channels are cleaned by an overhead 
monorail system witb an electrically operated grab bucket. 
Facilities are not available for th~ deposition of the 
grit at the plant site, so an elect£ically operated elev-
ator and grit washer has been installed to wash out the 
organic matter which may be deposited rendering the grit 
offensive for shipment. A spur track connectine with the 
Chi cago and Northwestent Rai 1 way lJerves the gri t chambers. 
The grit chambers are followed by mechanically cleaned 
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and consists of 4 inch by 3/8 inch bars spaced 1 inch 
apart in the clear, with an inclination of 45 degrees. 
The screenings from the screen cleaners are deposited on 
a belt conveyer which discharges into a pneumatic ejector. 
The screening ~jectors discharge into two steel storage 
tanks, each of which bas a capacity of 1,000 cubic feet. 
From them the screenings can be loaded into railroad cars 
or trucks by additional ejectors. 
The Preliminary Settling Tanks.-- The preliminary set-
tling tanks for removing from the sewage the oil and scum 
and for settling the coarser solids, are arranged in two 
parallel rows with the influent conduits on the outside 
and the effluent conduit underneath the walkway between 
the tanks. The flow passes across the tanks from one 
side to the other, with a detention oeriod of about 30 
~inutes. The tanks are 80 feet square with corners 
rounded at the bottom 'vith a water de~th at the center of 
13 fee t. 
Each mechanism consists of four radial arml:1 made of 
structural shapes and carrying plows with adjust8.ble 
squeeges set to rake the settled sludge continuausly to-
ward the center of the tank. Two arms carry pivoted ex-
tention arms operated by counter weights to rake the cor-
ners of the tanks. 'l'he rakine m.echanism is carried by a 
75 
central shaft supported from steel tru3ses snanning the 
tanks and driven through a set of reducin~ gears by an 
electric motor. 
lhe settled sludge is conveyed by a pipe system to 
the waste sludge pumps in the main building. The scum 
and oil is removed by hand and conveyed by a pige system 
to e:t grease separation tank in the grit chamber building 
hnd thence discbarged with the screenings. 
The effluent is discharged through a double barreled 
conduit (8.33 feet wide by 8.75 feet high) wbich branches 
into three conduits 6.75 feet wide by 7 feet high, feed-
ing the aeration tanks. Each conduit contains an 84 
inch Venturi meter for measuring the flow to the battery. 
The ~ain Building.-- Tbe main building consists of a 
four-story central tower 49 feet by 61 feet in plan and 
two two-story wings, each 117 feet by 49 feet in plan. 
The west wing houses the return and waste sludge .9UD1pS. 
The east wing contains three 84 inch by 63.4 inch master 
meters for measuring the flow of sewage to the batteries, 
with :)rovision for a fourth, and accommodations for the 
men employed at the plant and storage space. The tower 
section contains the laboratories and offices of the ad-
ministrative staff. 
Four sludge return pumpine units, one for each bat-
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teryand one spare, are provided, and space is reserved 
for a future unit. These pumps are horizontal sbaft, 
centrifugal, volute, single stage type with 30 inch suc-
tion and 24 inch discharge, direct-connected to variable 
speed, 440 volt, 3 phase, 60 cycle induction motors rat-
ed at 50 horse-power at 438 revolutions per minute. 
Each unit has a capacity range of from 12 to 30 cubic 
feet per second against a total head of from 6 to 10 
feet. The pu$ps are automatically controlled by a float-
operated liquid controller which varies the speed of the 
pump to correspond with the flow of sludge. 
The sludge is meteLed and discharged into the in-
fluent conduits to the aeration tanks just beyond the 
master Venturi meters. By suitable arrangement of piping 
the spare unit may be used to return sludge to any bat-
tery of tanks. 
The excess sludge from the suction wells is by-
passed by electrically operated rate controllers of the 
Venturi type to a waste sludee well. The preliminary 
tank sludge is discharged into this well where it is 
mixed with the waste activated sludge and p~ped through 
a 14-inch cast ~on force main about 17 miles long, to 
the West Side Treatment 'iorks, where it is digested. A 
constant velocity of 2 feet per second is maintained in 
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the waste sludge lime to prevent deoosition. For pump-
ing the waste sludge to the west side there are provided 
three horizontal, end suction, non~logging, motor driv-
en centrifugal pumps each rated at 1,)00 gallons per 
minute capacity against a total dynamic bead of loa feet 
and a dynamic suction head of 0 feet. ',L'he pumps are 
direct-connected through a flexible coupling to 440 volt, 
3 phase, 60 cycle, s~uirrel cage motors rated at 100 
horse-power at 1,765 revolutions per minute. 
The central tower contains com)lete laboratory fac-
ilities and administrative offices. The main chemical 
laboratory is located on the fourth floor, and the bac-
teriological, 80al and oil, and experimental laboratories 
are located on the third floor. A well equipped first 
aid room adjoins the bacteriological laboratory. 
A refrigerating machine has been installed in the 
basement of the building. The piping leads to refriger-
ator in the bacteriological laboratory an6 to a sample 
cooler and constant temperature room in the main labor-
atory. Gas, air, vacuum,and electrical outlets are lo-
cated at convenient points on the laboratory tables. 
In the experimental laboratory, pipe lines for sew-
~ge, activated sludge, gas, air, vacuum, and water are 
suspended from the ceiling. The lines extend the length 
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of the room and are made with plugged tees every five 
feet. The sewage and sludge are lifted from the base-
ment of the building by means of remote controlled wat-
er driven centrifugal pumps. A 2 foot by 3 foot Oliver 
filter has been installed for experimental work on 
sludge filtration. 
The Aeration Tanks.-- The aeration tanks are divided 
into three batteries. Each battery consists of twelve 
spiral flow aeration tanks and ten settling tanks with 
an operating ~a11ery between them. 
The aeration tanks are each 422 feet feet long by 
34 feet 9·inches wide, center to center, of the main 
walls. A 12 inch wall divides each tank into compart-
ments each of 16 feet 4 inches clear width at the wat-
er surface and of 15 feet depth over the plates, with 
an 10 inch freeboard. 
The tanks are fed through four 15 inch by 15 inch 
sluice gates with a center line elevation of plus 16.0. 
The effluent is collected by a wier 26 feet long which 
holds the water surface at elevation plus 21.5 with a 
flow of 175 million gallons a day. The circulating mo-
tion is given to the wf-ter by two rows of aeration 1J1ates 
near one side of each compartment. Each tank is designed 
to handle about 4.86 million gallons a day, giving a de-
tention period of 6.4 hours. 
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The aeration plates are set in two rows of 40 plate 
containers each. The containers hold 18 plates each, 
making a total of 1,440 plates in every tank, and a 
gross plate ratio of 1 to 9.4. Air for each tank is tak-
en from a 4d inch cast iron air main in the operating gal-
lery througb a 16 inch cast iron pipe equipped with a 16 
inch meter for measuring the flow. 
The main tank walls are designed as cantilevers 12 
inches wide at the top and 23 inches at the bottom, with 
a walk on the top 4 feet wide. The walls are 17 feet 
lJigb with a footing width of 17 feet. The tank bottom 
is a floating slab 12 inches thick. The 12 inch center 
walls are not designed to take water pressure. All of 
them have brackets on them spaced 10 feet 4 inches cen-
ter to center to hold the deflecting baffles which can 
be set a.t any angle between 40 and 50 degrees. 
The Operating Galleries.-- The operating galleries are 
placed immediately adjacent to, and between, the &erCLtion 
<..ond settling tanks. In them are plEtced all the appurten-
ances reQuired for the complete control of the air, sew-
age, and sludge pass ing through the bat ter·y. Here the 
Quantities of air and sewage are measured, recorded, and 
controlled. The return sludge is sampled, its amount de-
termined, and the quantity controlled. Indicators, elec-
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trically connected to the master sewage meters and to the 
sludge return meters in the main Luilding, are also plac-
ed here, so thht the operators are aAware at all times of 
the arrJ.ount of sewage entering each battery and the quan-
tity of sludge being returned. Provision is made to 
drain from the basement all the tanks, channels, piping, 
and plate containers. as well as the gallery itself. 
Each of the three galleries is 420 feet long by 21 
feet wide. The main operating floor, on wbich are locat-
ed all the meter registers, recorders, and va.lve stands 
for controlling the flow, is at elevation plus 23.0, and 
extends the entire width of each battery. 
The sewage, ~fter leaving each aeration tank, passes 
through the operating gallery in a 30 inch cast iron pipe 
with center line at ~levation plus 11.1J. The pipe line 
passes under tne sludge return channel and disc'harees in-
to the bottom of tl:e aerated sewage cbannel. In it is 
placed a flow nozzle for measuring the flow and a 30 inch 
gate valve for controlling it. 
The sludge is returned from eac!, se ttl ing tank 
ttrough a 14 inch cast iron pipe. 7h16 pipe is laid un-
der the tank and operating gallery to a tee from which it 
rises in a vertical 14 inch cast iron ?ipe and discharges 
into the sludge return Channel through a special spread 
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center line elevation of plus 18.03. 
The sludge return channel and aerated sewage chan-
nel extend the length of the operating gallerY.Qn both 
sides and are not covered. Stop log castings are placed 
in the aerated sewage channels so that final settling 
tanks can be isolated without shutting down the entire 
ba t ter·y. 
Each gallery is covered by a one story superstruct-
ure. In ea.ch there is a 4 ton hand operated crane which 
will travel the full length of the gallery. Doors are 
provided leading to the four walks between the settling 
tanks, to the eleven walks on the aer~tion tank walls, 
and at each end of t~b e gallery. In eacb gallery is an 
office, toilet facilities, water for flushing, fire pro-
tection and drinking purposes. 
In each gallery are located mechani cal samplers for 
sampling the return sludge, mixed liquors, and final 
effluent. The samplers are motor driven, reciprocatine 
arm, dipping buckets wbich collect a small sample every 
3i minutes and discharge tbem directly into one gullon 
sample bottles. 
The Final Settling Tanks.-- The thirty final settling 
tanks are each 77 feet square, and have a water depth 
of 16 feet at the center. The mixed liquor is admitted 
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to the two opposite sides of the tank from the branch 
channels leading from the main mixed-liquor channel 
over six adjustable wiers each 3 feet 6 inches long. In 
front of each wier is placed a deflector of steel plate. 
The effluent is collected by three lateral parallel 
troughs which discharge into a main collecting trough 
suspended under the bridge. The lateral troughs are 24 
inches wide by 18 inches deep and are made of channels 
and plates with adjustable wiers on each side. The ef-
fluent is then discharged through a well or drop conduit 
into branch conduits which lead into the main effluent 
conduit. This is 8 feet square at its upper end and 
merges into an 11 foot semi-elliptia1 conduit at its low-
er end. l1Je effluent is discharged into the North Shore 
channel at a low velocity through a multiple arch out-
let 55 feet wide. 
The thickeners or sludge collecting mechanisms, con-
sist of 4 radial structural steel arms carryinG adjust-
able squeeges of spring brass which rake the settled 
sludge continually toward the center of the tC:l.nk. Two 
opposite arms carry properly pivoted extension arms oper-
ated by counter-weights which rake the corners of the 
tank. 1he raking mechanism is carried by a central shaft 
supported from steel trusses spanning the tank and driv-
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gears by a 440 volt, 3 phase, 60 cycle. 3 horse-power
t 
squirrel cage induction motor. 
~e sludge is continuously removed througb a 14 inch 
~st iron pipe which discharges by gravity into the sludge 
return channel in the operating gallery. l'he settling 
tanks are designed, based on average flow, for a rate of 
1,180 gallons per square foot daily. 
The Service Building.-- The service building is approx-
imately 142 feet by 104 feet in plan with a tower section. 
In the tower at elevation plus 95.33 is placed a 150,000 
gallon water .tank for storage and pressure. 
This building houses the central heating plant of 
four oil-fired, 500 horse-power water tube boilers. Tbese 
supply steam for he~ting the various buildings and for 
conditioning the blower air to the blo\vers. It also 
houses the reryair shops, the garage. the machine shop con-
taining lathes, drill presses, shaper • grinders, forge. 
wood-wovking machine. and pipe cutting and three-ding ma-
chine. The first floor of the tower section is occupied 
by the mechanical engineering staff. The south west sec-
tion of the building is devoted to the locker space and 
accommod~tions for the men employed in the building and 
about the plant. There are two motor driven centrifugal 
service water pumps rated at 2,0 gallons per minute at a 
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100-foot head, and one motor driven centrifugal pump 
of 500 gallons per minute capacity. There are also two 
air compressors for screening ejectors, boiler feed pumps, 
and other appliances. Two undergrounA circular rein-
forced concrete oi 1 storage tanks of 22Q, 0')0 gallons cap-
acity eacb are placed just east of tbe building. A spur 
track connecting wi th the Chicago aY'd ;:orthwestern Rail-
way lies adjacent to the oil storage tanks for unloading 
purposes. A service tunnel 6 feet wide by 7 feet high 
extends from the service building to the pump house for 








Excavation.-- The !,Jorth Side Treatment Works were built 
in wh~t was formerly a swampy area. 'l'he top soil was a 
iJlack hUlJ.i.us clay loam. The subsoil was a bed of strati-
fied clay, grading from hard blue clay at elevation minus 
20 to a rather rotten yellow clay at the surface. In gen-
eral, good foundation material was found at footing el-
evation except for an occassional pocket of soft material. 
Bedrock of .l'liagara dolomite lies about 100 feet below 
the surface. 
AS tbe area around the structures and south to How-
ard Street was to be filled to a depth of 5 feet above 
the original surface, the top soil was stripped from the 
entire area and stored. This ~aterial was replaced after 
I t d Ih1' s the back filling and grading had been comp e e . 
stripping was done by an' elevating grader drawn by a cat-
erpil1.ar tractor, and the excavatecl material hauled to 
the storage piles in dump wagons drawn by tlu'ee-horse 
teams. 
Excavation for the tanks was started at the east 
battery simultaneously witb trenchin~ for miscellaneous 
conduits. The heaviest work was handled by steam shovels 
and draglines. As the ~eneral cut was about 12·5 feet, 









rectly into spoil cars on the bank. lhese were hauled 
to the spoil banks by gasoline locomotives. The s,oil 
cars were specially designed bottom dump cars of 4 yard 
capacity mounted on narrow-guage trucks. The locomo-
tives transported the CRrs from the excavation to the 
point of disposal. where a stiff-leg derrick lifted the 
car body from the trucks and dumiled the load. The d.er-
rick was moved back and forth on rollers along the line 
of the dump by cables from E~ deadman. Much of the spoil 
was used in back-filLing and grading around the batteries. 
Sufficient grading was done as the excavating progressed 
to furnish room for the material storage yard, mixing 
0lant, and the tower tracks. 
The heavy excavation was done with shovels and drag-
lines. The trenching for footing cutoff walls 'NBS done 
by hand. An attempt was made to do the bulk excavation 
for the last battery with the elevating grader and teams; 
this worked well in dry weather but had to be abandoned 
in wet wether or soft ground. 
The influent channels and sludge return conduits 
north and south of the batteries were built oy sub-con-
tract before the other construction. These conduits were 
in shallow cut, and were constructed following ordinary 









The Plant Layout.-- The construction of the entire treat-
ment works was divided into eight construction contracts 
besides numerous contracts for equipment. The first of 
these, aw~rded in August 1923, W&s for the construction of 
the tl'er-.l.tment plant :->roper, consisting of thirty-six aer-
ation tanks, thirty settling tanks, three operating gal-
leries and adjacent sewa.ge and sludge conduits. It was 
for this cortrs.ct that the original construction plant 
layout was designed. 
In selectinB the type of eonstruction ~lant and its 
arrancSement the controlling features were: the layout of 
the various units of the work to be done, the quantity of 
concrete and other materials to be placed, and the nec-
essary rate at whiGh constru,.;tion must progress. The prob. 
1em of getting materials to the side was easily solved 
as a branch line of the Chicago and Northwestern Railroad 
r~ns diagonally through the property near its east side. 
The three batteries of aeration and sett1in(cS tanks lie in 
the north half of the site, ~arallel to the north property 
line, beginning c_bout three hundred feet west of the trClcks 
and covering an area of about 20 acres. The major quanti-
ties of material to be placed were: 119,7)0 Gubic yards 
of concrete, about 6080 tons of reinforcing steel. 1.300 
tons of c~st iron pipe, besides precast concrete units 
and miscellaneous equipment. Three years and four months 
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was the specified time fOl' com})letion of the contract. 
AS the remccindel' of the 1923 seb.son had to be devoted to 
excavb. ti on a11(1. preliminary work, and as a sCl.fe marein for 
comp1.eting the work indicated that the la.st yeH-r would 
be needed for settine; el.,juipment, grading the grounds, 
road building, &nd the final cleanup, a tentative 01'0-
grwn W&s adopted which would complete the bulk of the 
work in two seasons. This meant the placing of 400 cub-
ic yards of concrete a day and a corresponding schedule 
of handling steel and cast iron pipe. The placing of 
this quantity of concrete, while not in itself a formid-
able undertaking, '~HiS fUl'thel' complicated by the fact 
that the individual runs were limited by the eX9ansion 
joints which were so located that nowhere in the foot-
ings or walls,. except the operating galleries and the 
floors of the settling tanks, could a continuous pour of 
more than 75 cubic yards be made. This meant that the 
plant adopted must not only be of sufficient capacity for 
the program outlinell, but must be capable of covering the 
entire area of construction and of beine easily and econ-
omically moved from one part of the work to another. It 
should also be able to handle not only cencrete, but any 
of the materials or equipment to be placed. For these 
reasons, the use of a central mixing plant and cableway 







In the fall of 1925 contr~cts were awarded for the 
cons truct ion of the gri t cbB,robers, pre lirolnary settling 
tanks and pump and blower house. The grit chambers are 
a grollp of twelve channels, each 8 feet wide by 30 feet 
long, together with influent and discharge channels, all 
to be housed in a one story brick building. The prelim-
inary t6.nks consist of eight h,nks eighty feet sCiuare 
witb influent and effluent conduits and piping. Includ-
ed in tbe ,reliminary tank contract was the placing of 
eight clarifier mechanisms and their sup~ortin~ bridges. 
The structures are located in the s9~ce south of the east 
half of the east battery. 
The placing of 14,000 cubic yards of concrete togeth-
er with the reinforcing steel, cast iron pipe and the e-
quipment for tbe grit chambers and 9reliminary tanks, 
presented, on a smaller scale, practically the same prob-
lem.. as the original contract. It was decideri, therefore, 
to again utilize the same etiuipment t'bat had been so suc-
cessfully used on the original contract. 
The pump and blower house is opposite the treatment 
plant proper on the east side of the Chicago and Uorth-
western tracks- It is a ratber ornamental building of 
brick and steel construction ,laced on a ~eavy concrete 
substructure. 
The use of the cableway was suggested for tl1e cor.struct-
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ion of tbe substructure of the pumping stc .... tion, but it 
would have been necess~ry to make a crossing over the 
Northwestern tracks, and as the area around the site was 
limited the cableways were not practical. Then, too, the 
19,000 cubic yards of concrete to be placed were in larg-
er quantities in a much smaller area and the work was more 
centralized than in the aeration tanks and grit chambers. 
It was decided to adopt a new system consisting of a dou-
ble tower arrangement with distri-buting cbutes .. A 210 
foot steel tower Was erected at the back of the central 
mixing plant; this tower w~s connected by a chute to a 
secondary tower 120 feet high, at the north side of the 
pumping station, about 330 feet from the main tower. A 
counter balanc'ed chute, suspended from a derrick boom on 
the secondary tower reached any point on the substructure. 
A movable spout under the receiving hppper at the mixers 
made it possible to feed the concrete into the one yard 
elevating bucket of the tower system or into the five yard 
buckets supplying the cableway. 
The cableway eonsists of two 85 feet timber towers 
38 feet by 56 feet at the base, traveling on a 5 rail track. 
The tracks for the construction of the aeration and set-
tling tanks were laid north and south of the three bat-
teries and parallel to them, giving a span of 805 feet 






Main Cable of Cableway, 
ished by two 85 horse-power electric winches, one on each 
tower, operating cables attached to deadmen at each end of 
the tower tracts. Tbe travel of the two towers was syn-
chronized electrically, although a 20-foot variation in 
alignment of the two towers was possible. The hoisting 
equipment was a 300 borse-power motor, direct-connected 
to a double drum hoist. 'The main carrying cable was a 
special steel encased cable 2t inches in diameter. All 
movements of the to;!,rer or bucket was controlled by an 
operator at the south tower directed by a signalman from 
any point of the work by weans of an electric signal sys-
tem, carried by a light cable with numerous drop cords 
swung between the two towers. 
Each tower was served by a standard gauge track con-
nected with the main material tracks, making it 80ssible 
to receive loaded cars of material or equipment at either 
tower. All concrete in the case of the original contract 
was hand led over the south service track, a lead from 
whi ch ran dire ct ly und er the cen t..ral mixi nt; ')lCi n t. For 
the construction of the aeration and settlin~ tbnks, the 
distance from the mixing plant to the farthest position 
of the cableway was ldOJ feet, and from the south tower to 
the north wall of the settling tanks was 7JO feet, making 
a total distance of 2500 feet over which the concrete had 







est battery, the concrete scbedule could be maintained 
by keeping only two concrete buckets in service, tbe emp-
ty bucket being hauled to the mixers and returned full, 
while the one previously brought out was being trans-
ported by the cableway to the forms, ernntied and returned 
ready to be set down on the flat car when the loaded one 
was picked up. 'Io keep the same production schedule, on 
the second and third battery, it was necessary to install 
a spring switch siding along the service track and use 
two trains of flat cars and "dinkey" locomotives and three 
bUckets, the eill.;Jty train wc..itine on the siding until the 
loaded one had passed. When operating without interrupt-
ion, the average run from the mixing plant to the forms 
could be made in five minutes. 
Concreting in the aeration and settling tanks was 
started in June, 1924, and continuee up to December 10. 
It was resurned Mar'ch 25, 1925, and completed, except for 
the finished surface of the settling tank floors, on Aug-
ust 15, 1925. Durine the first seuson, a total of 65,1 75 
cubic yards of concrete of all clas~es w~s poured, snd 
during the second season 45,510 cubic yards. The average 
daily run for the entire two seasons was 412 cubic yards 
but for the eight months when work was continuous, this 
was raised to 5)0 cubic yards for eight hours. 








forms and e4.uipment were also handled wi th this cableway;, 
A notable instance of its use was the setting of the 
structural steel bridges over the settling tanks which 
support a clarifying mechanism. These bridges have a 
7o-foot span and weigh approximately eleven tons. They 
were assembled, and the field riveting was done in the 
rna. teri al storage yard of the tanks. 'l'h en, when rea.dy to 
set, e,:,cb bridge was lifted into Ci. flat car by a locomo-
tive crane, drawn over the north serlice track to "'- -;)oint 
OP90site the tank were it was to be set. It was then 
picked up by the cablewaYt using a special sling, and set 
in place on the anchor bolts on top of the tank walls, 
On one occassion, 0 bridges were set in this way in 8 hours. 
In utilizing the cableway and other eyuipment on the 
pl'eliminary tanks, grit chambers, and main building, it 
was necessary to turn the south tower of the original cab-
leway layout to face in the opposite direction, and to 
move the north tower seme 1200 feet to beyond the south 
side of the new construction, and to turn it to face 
north. This resulted in a shortened snan of a~9roximately 
450 feet. The concrete service track was relaid to serve 
wha tis nm" the nor th tower, lead i ng from tbe c entr" 1 
mixing plant as before. As the cableway was still in 
service placing the backfill around the three main bat-

















1926, the remainder of the 1925 season being spent in 
making the rough excavation for the tanks and preliminary 
work. Dere again as in the original layout, the cableway 
was used to set the structural bridges on the preliminary 
tanks. 
The main buildine;, a brick and steel structure ap-
proximately 55 feet by 300 feet in plan, is located south 
of trie e.le&~ticn tanks and just west of the preliminary 
tanks. The substructure contained 6,3 JO cubic yards of 
concrete together witb conside~able quantity of rein-
forcing steel, structural steel, cast iron pipe. a.nd mis-
cella.neoue casting. In the construction of tbis building 
tbe cab leway was again used. To do so it was only nec-
essary to extend the cableway and service tracks about 
350 feet further west. 
The service building, a brick and steel structure 
approximately 142 feet by 104 feet in 0lan, is located 
directly ev,st of the eO-st ba ttery of t1Je aeration tc~nks. 
This building was located in the mist of the orieinal cen-
tral mixing plant laycut. so the problem of trans~orting 
the concrete for the substructure was a very easy task. 
The proximity of tbe service tracks to the site marie it 
possible for the locomotive cranes to lift tbe five-ya.rd 

















Mixing Plant . 
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o.irectly into the forms. In some places chuting W<..1.S 
neCeSf.;b"ry, but most of the mater'ial was plci.ced directly. 
In constructine the North Side Sewage Treatment 
Works, we have eXhmples of two widely different types of 
concrete plt:,cing equipment on the same project, and by the 
same contractor, each selected to fit the conditions on 
the job where it was employed, and both supplied with con-
crete from the same central mixing plant. The contract-
or's plant, originally desigred for the first section of 
this huge project, was adapted for use on three other 
sections as these contracts were obtained. 
The Central Mixing Plant.-- The central mixing plant, lo-
cated on the main m[;.terial switcb neb.r the railroad, con-
sisted of two electric~lly operated mixers, ehch of 1 
yard capacity, mounted on the first floor of a three story 
timber structure, elevated to give clearance below the 
mixer for a 5 cuoie yard concrete bucket on G fh:t c~r. 
Above the mixers was the chh~ging floor, ~nd the third 
level was taken up with the sand and Sravel bins. The 
mixers were charged with gravel from the bins above, by a 
set of automatic hoppers to each mixer. Sand and gravel 
were received in bottom dump cars, unloaded through Ln 
elevated tre~tle track into receiving hoppers built below 




Dinkey Locomotives &D4 5 Yard Buokets. 
electrically operated onto belt conveyors. These convey~ 
C1' s cc~rl·i ed. the e:.ggrega tea to &., d oub Ie bucket conveyor, so 
arranged tba t ei ther sand or gravel could be d i sclJarged 
into either of the storage bins above the mixers. The 
stolage biLS had a capaci ty of 160 yards of sand and 300 
yards of grfi.vel. 
Bulk cement was used entirely for the construction 
of the main work. It was received in paper line4 cars and 
lJ.nloaded by electrically operateci, hand controlled plows 
into the hopper of a bucket elevator which fed the cement 
into a double storUte bin of 3000 barrel capacity. A 
screw conveyor under the bins carried the cement to a sec-
ond bucket elevator wbich lifted it into an auxiliary 
bin above the level of the cbarging floor. Small steel 
dump cars, o'Perated on a narrow gauge loop track on the 
charging floor, carried the cement to the mixers. These 
dump cars were pulled by hand from tbe DO int of load in.!T to 
the proportioning floor, but on the return were pullert Dy 
gravity over and down the hump and pass. 
The cement proportioning WE've maintained by 'v'ieigbing 
on a scale beneath the discharge opening of the storage 
bin, where a.n opera.tor controlled the lever of a discbaree 
~ate. The coarse and fine aggregates were measured by 












ure~ent was simili2rly controlled. A bell signal sys-
tem coordinated t~e operations of tbe men controlling the 
supply of cement, aggregate~and water. The two electric-
~lly operated mixers on the mixine level discharged into 
a 5 yard steel hopper. The mixed concrete Was delivered 
through a spout, with a lever controlled gate, to a buck-
et on a flat Chr. The concrete-filled bucket WiiS then 
deli vered to the cEibleway tower. The concrete was deliver-
ed to the forms from the mixer in about 5 minutes in good 
condition and without noticable segregation. 
Forms.-- In order to maintain a schedule of 400 cubic 
yards of concrete duily, the use of forms that could be 
easily and ~uickly moved was of vital im?ortance. The 
long straight walls of the aeration tanks, divided by ex-
pansion joints into lengths of 62 feet 9 inches, were 
particularly suited to the use of oteel forms. These were 
designed and manufactured with the intention of using the 
cableway to bandle and set them, and to conform to the 
lengths of the walls between the expansion joints. There 
were two sections of forms, one for the unit of 62 feet 
9 inches, and the other for the wall at the ends, 21 feet 
bnd 9 inches long. All were built to the full height of 
the wall or 17 feet 6 inches. These sections were poured 
monolithically with the walls of the influent channel and 
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of the short lengths were used. Included in the main forms 
were forms for the walkways and concrete supporting brack-
ets for the baffle slabs at the top of the walls. These 
forms were made up of snecial hinged sections that could 
be dropped back away from the wall in stripping. 
In moving the steel forms with the cEbleway, half of 
a 62 foot 9 inch length was handled at a time by means of 
u sling or yoke. This consisted of a 6 inch pipe, nearly 
the lenth of the forms, stiffened by a wooden filler. and 
carried short lengths of chain with hooks which engaged 
lifting lugs on the outside of the forms. By taking a 
tension on the sling, a slight movement of the cableway 
8.way from the wall was pufficient to loosen the form from 
the conCl'ete,' so tha tit could be lifted and moved into 
position for the next section of the wall. 
Wooden forms were used for the aeration tank influ-
ent channel walls, the operating gallery walls, the beams 
and slabs, and the walls of the settling tanks. Tbese 
forms were built of 1Janels constructed of 7/8 inchby 3 
incb studs with rangers built up of 2 incb by 6 inch 
stringers, between which tl:e f inch tie bolts were passed. 
For the settling tank walls of the last battery to be 
constructed, the wooden forms were made in panels the 
full height of the wall (16 feet) and 26 feet long, us-







found to be specially advantageous, not only for ease of 
nloving but for greater rigidity and durability. All the 
wooden forms stood up well under the heavy usage to which 
they were subjected. The large built-up panels were used 
as many as eight times and were still serviceable. 
In general, the use of the steel forms resulted in 
greatly decreased 1a.bor costs as compared with that on 
the wooden forms. A comparison of actual figures, howev-
er, is unfair, as the Vlooden form cost covers tbe work on 
cOID?licated sections as well as on str~igbt walls. 
W'ooden forms were used on the prel imi nary tanks, gri t 
chamber and pumping station substructure. These forms 
were similar in design to those described for use on the 
settling tank walls of the main battery. As far as pos-
sible tb~ forms were built in large panels in the carpen-
ter shops during the winter. The special forms for the 
difficult sections were built of dressed lumber. The 
large panel forms for the preliminary settling tank walls 
and gr i t chambers Yv'ere hand led by the cableway. 
Because of tbe intricate concrete work on the main 
building and service buildine, progress was much slower 
than on tbe original contract. Tbe form work on these 
two structures was bui It in panels as far as practical, 
but most of the work required specia.l forms whicb could 













well as adcii tional ex~)ense. 
The PrecB8t Concrete.-- The precast concrete plate con-
tainers, separators, and fillet blocks were manufactured 
in a special precesting house near the central mixing 
plant. This Wf2.S a heated frame building 28 feet by 225 
feet in plan with a castine; room, two steam curing rooms, 
and space for storing forms. It housed a i cubic yard 
mixer mounted at a level of the roof beams and supolied 
with cement and aggregates by bucket elev~tors. The forms 
and blocks were handled by two electric hoists operating 
on a monorail loop, extending the length of the building. 
Steel forms, operating on a narrow gauge track, were used 
for the blocks. Cement was delivered to the plant in bags 
instead of in bulk. A mix of 1:lt;3 was specified, but 
with the small stone used. it was found that best results 
were obtained by making it about l:li:2i. After the forms 
were filled, electric monorail boists carried the poured 
units to t:be steam rooms to cure. The blocks were safely 
removed froni the forms and ha.ndled after sixteen hours in 
the curing rooms. The average daily run in the precast 
house was 121 units. 
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Sill/[MARY OF MATERIALS. 
Excavation concrete Relnforo lng structural 
cu. yds. cu. Yda. steel Lbs. steel ~. 
lbs. 
Aera.tion Tanks. 460,443.0 119,790.5 12 , 578 , 207 • 0 1,750,446.0 
errl1 Chs. pre1. 19,529.8 11,857.6 879,653.0 217,193.0 
pump & Blower 60,000.0 18,549.7 1,585,898.0 2,858,503.0 
Main Building. 24,500.0 6,106.9 037,966.0 1,178,618.0 
service Bldg. 16,573.0 3,860.6 415,274.0 1,310,493.0 
Misc. Const. 28,649.1 6,885.6 239,313.0 ----------
sub Station. 1,935.2 762.3 36,544.0 96,674.0 
Total. 611,630.1 167,813.2 16,372,855.0 7,411,927.0 
C'.uanti ties taken from final payment vouchers. 
cast Iron Mi se. c. I. 


















Operating Cycle.-- Tne sewage reaching the purn~ing sta-
tion, passes through coarse bar screens of the vertical 
lift type witb 4 inch spacing. then into one large suction 
sump immediately below the pumping units. The subfloor, 
however, entirely se&,ls tbe suction sump from the pump 
room. The lCirge centrifugal pumps lift the sewage out of 
the sump and deliver it at an elevation high enough for it 
to flow througb the pl~nt by gravity. From the pumping 
station the sewage passes through a siphon conduit to the 
grit chambers where the velocity is reduced to about 1 
foot per second and the heavy particles, such as sand, 
grit, and other coarse inert material matter are settled 
out. The coarse 1 inch bar screens remove the floating 
trash and screenings. The sewage then Q8SSes through the 
preliminary settling tanks, where a detention period of 
about 30 minutes permits the oil and grease to rise to the 
surface to be skimrned off. The coarser suspended ma ter-
ial settles to the bottom where it is swept to the center 
by revolving arms, and thence carried to the waste sludge 
pumps in the main building. The effluent is discharged 
through a double barreled conduit leading to the main 
building where it is metered, then to the three batteries 
of aeration tanks. The return sludge is discharged into 
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the influent candl1it to the batteries through 30 inch 
cast iron pipes at the outlet end of tbe master meters. 
Tnis conduit discbarges into the channel extending along 
the end of eacL battery. '.the influent channel has aera-
tion plates placed in the bottom to prevent settling and 
also to thoroughly mix the returned sludge with tbe new 
sewage. !he aeration tanks are fed from this channel 
through four 15 inch sluice s~tes. The mixture of sew-
age ""Del acti va ted sludGe is aerated in the tanks for a 
period of about 6 hours. A circulating motion is given 
to the mixed liquor by two rows of aeration plates near 
one side of the tank. The aeration tank effluent is col-
lected over an adjustable wier 26 feet long. The mixed 
liquor then passes through a 30 inch cast iron pipe into 
the aerated sewage channel which distributes the aerated 
sewage or mixed liquor to the influent channels of the 
settling tanks. The settling tanks are fed by baffled 
adjustable wiers. The final tank effluent is then collect-
ed by three collecting troughs extending over the entire 
width of the tank; these troughs dischar0e into a conduit 
built under the influent channels, thence into the North 
Shore channel through a semi-elliptical conduit. The 
outlet structure is constructed so that the effluent is 
discharged into the channel at a velocity of less than 1 
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the channel. The settled sludge is swept to the center 
of the tanks by revolving arms of the extension type. 
The sludge is dischc1.rged by gravi ty through pipes under 
the tank bottoms into the main sludge return channel 
where it flows to the main sludge return pum)S in the 
main building. Tte excess sludge is wasted into the 
waste sludge sump 'tlhere it is mixed wi th the pre liminary 
tank sludge and then pumped through a 14 inch cast iron 
force main 17 miles to the west side plant. 
Results;-- The North Side Sewage Treatment Plant was 
placed in operation in October 192d. At this time the 
three batteries of tanks were placed in service with a 
flow of IdO million gallons a day. The sewage flow was re-
duced to about 60 million gallons a day in january 1929, 
as the west side plant was not in operation and could not 
take the was te sludge. 'Iii th the reduced flow only one 
battery of tanks was operated during 1929-
The results of one year's oueration have met all an-
ticipations. The effluent bas been well nitrified, con-
taining about 5 parts per million of nitrates, and fairly 
clear, containing on an average about 14 parts per million 
of sus~)ended matter. The treatment has averaged a remov-
al of Cibout 93 percent of the suspended matter and has 
pro~uced an effluent with a stability of about 10 days, 
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although the methylene blue stability test is not run on 
the effluent. 
The routine plant analyses consist of the determin-
ation of Organic Nitrogen; Ammonia; Dissolved Oxygen, 
Five-day Bio-chemical Oxygen Demanq; Suspended Solids~ to-
tal, volatile, and fixed; Chlorides; Alkalinity. and Hy-
drogen Ion Concentration. In addltion,the Nitrates and 
Nitrites are determined on the .final effluent samples. 
With the exception of the Diesolved Oxygen determination 
which is run on individual samples, these analyses are 
run on a 24 hour com.posi te collected wi th mechani CCtl sam-
plers. Return sludge is also sampled and the Moisture 
and Specific Gravity deter~ined daily_ The dried solids 
from the Moisture determination are composited for the 
weekly determination of volatile matter and for the month-
ly determination of Nitrogen and Ether Soluble material. 
The sampling period ends at 7.00 A.I. when the full sam-
ple bottles are taken to the laboratory. 
The yearts oper~ting experiences have been varied. 
The equipment in the pump cena b lower bouse has worked 
well and met all demands and expectations. Some diffi-
culty has been encountered with the air conditioners;the 
thermostats regulating the steam flow to the Vento-heat-
ers have not always actuated the steam valves at the 
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proper temperature, which allowed the conditioners to 
become coated with ice. The spray nozzels become clogged 
with scum and rubber fragments from the final plant ef-
fluent. This trouble has been eliminated by using city 
wf>..ter. The plant effluent can ultimately be used by the 
installation of properly designed screens in the circu-
lating pump suctirn chamber. The large vertical 4 inch 
screens in the suction well have been cleaned manually, 
but this method is 110t Sht isfactory. A mechani cal screen 
cleaner should be installed on these screens. The hoist 
for raising these screenings to the surface should be re-
designed to handle a large caisson bucket and to permit 
dwnping directly into a truck. 
The grit chambers and screens have been very satis-
factory. The average deposition of giit has been about 
1.31 cubic feet ~er million gallons of sewage. Ithas been 
very easy to maintain a velocity of 1 foot per second or 
less. The monorail boist used for cleaning the chambers 
has caused some trouble but it is gradually being correct-
ed and no further trou~le is anti:ipated. The grit washer 
and elevator is a total failure and ~ill have to be rede-
signed and rebuilt D.S the design is fundamentally wrong. 
The screen cleaners and screens have given some difficulty 
but it has been corrected by rebuilding the 
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rakeing teeth and by proper operation. The ejectors and 
ej ector piping have been very successful. The pneuma ti c 
}}andling of screenings and scum is a huge step forward 
in sewage treatment. 'llie screening storage tanks are now 
being used, but great care is necessary for their proper 
operation. 
'l'hepreliminary settling tanks, a new departure in 
sewage treatment, have given very satisfactory results in 
the removal of suspended material. These tanks have suc-
cessfully removed about 30 ?ercent of the sus~ended mat-
erial with an average detention period of abcut 28 minutes. 
The preliminary sludge bas been successfully conveyed to 
the waste sludge sump in the main building by gravity, al-
though a 5-inch end suction non-cloggine:; centrifugal pump 
driven by a direct connected electric motor, bas been in-
stalled in the basement of the west valve house as an 
emergency measure. 'l'he scum. and grease that rise to the 
surf&ce have oeen skimmed by hand into grease collecting 
boxes and conveyed to the oil-ski~ning basin in the grit 
chamber through a 4-inch Cctst iron line. Ibe rakeing 
mechanism has caused considerable trouble. These rakes 
have failed to properly sweep the sludge to the center of 
the tank, often times the sludge collects in large masses 
in front of the arms and is pushed ahead instead of being 
plowed tothe center of the tank. This causes an overload 
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on the driving mechanism which is desiGned to. release 
during excess loads. This trouble will ultimately be cor-
rected as the results of the first year's operation prove 
the tank's worth. 
The main building e~uipruent has met every require-
ment although painstaking adjustments are required from 
time to time. The west side waste sludge pumps have suc-
cessfully delivered the sludge to the west side plant 
with no booster stations. These pumps are standing up very 
well under the loads and speeds under whi ch tlJey are forced 
to work. The west side sludge line has caused no trouble 
except once when one of the floats from the air relief 
came loose and became lodged in the line. The valves have 
been redesigned and rebuilt to prevent trouble from re-
occuring. The air relief valves are inspected and tested 
at regular intervals to prevent trouble. 
The aeration tanks, a new design in activated sludge 
tanks, h~ve accom~lished the results for which they were 
designed in ~ very satisfactory manner. 
lhe circulating or spiral flow movement given to the 
sewage has been very effective and vigorous. There are 
but few dead spots in the tanks, and no increase in head 
loss through the filtrous plates bas been noticed. 
A very satisfactory R.ctivated sludge was produced in 
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about 10 days after the plant was started by recirculating 
a large percent of the settled material or sludge and aer-
ating it for a long period of time. The average detention 
period for the yeCil' has been about 6.5 hours with the air 
consumption about 0.69 cUbic feet per gallon of sewage. 
But a very satisfactory stab!~ effluent was produced in 
October and November with a detention pe:ciod of ,., hours 
with an air consumption 0.6 cubic foot per gallon of sew-
age. I t is hoped with proper care and super"/i sion that 
the detention period can be reduced to 5 hours and the con-
sumption of air to 0.5 cubic foot per gallon. The aeration 
tanks have for the year averaged a removal of 87·5 percent 
of the suspended material and un 83.8 percent reduction 
of the organic nitrogen. The operating galleries and fin-
al settling tanks have met their design requirements per-
fectly. 
In placing a plant the size of the North Side Sewage 
Trea tment Works, r..nd one contai n inB as much mechani cal 
equipment, there is always a certain &nount of adjustment 
required. When a plant breaks precedent as to type, and 
pioneering in design is required, more details are found 
which need painstaking adjustments and even cbanges which 
could not be forseen in small scale experiments. The 
North Side Plant is now having that experience. 
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All troubles so far have been found to be mechan-
ical and not fundamental; these difficulties are grad-
ually being eliminated and within a short time the plant 
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